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Response of macrobenthic community to seasonal sediment
environmental parameter changes in a tidal estuary of the
Seto Inland Sea, Japan

Nittaya CHAIYANATE* and Shigeru MONTANI*'

Abstract : Changes in macrobenthic communities were studied in a tidal estuary of the Seto In-
land Sea, Japan from November 1998 to February 2000 at eight stations. Selected chemical com-
ponents in sediments and the abundance and biomass of five dominant macrobenthos species
were determined. High abundance of species indicative in unstable bottom, such as the bivalve
Theora fragilis and the polychaete Lumbrineris were recorded. Moreover, stations nearest the fa-
cility have continuous input of organic matter, and gross structure changes in the
macrobenthic communities (e.g. reduced specific richness, diversity, and dominance of oppor-
tunistic species Capitella sp.l). And changes in seasonal pattern of macrobenthic communities
were observed. The community structural changes were analyzed by means of univariate and

multivariate techniques.

Key words : Macrobenthic community, lolal organic carbon (TOC), Acid Volatile Sulfide (AVS),
Seto Inland Sea, univariate measures, cluster analysis, Abundance Biomass Compari-

son (ABC) plot

1. Introduction

Estuaries are the major conduits between
land and sea, through which the flow of large
amount of soluble and particulate materials de-
rived from the nearby area of each estuary.
These loads deposited to the benthos and
changes in benthic environments characteristi-
cally. Dissolved oxygen is rapidly depleted and
aerobic respiration is limited to a narrow zone
at the surface of non—bioturbated sediments.
The activity of heterotrophic organisms main-
tains reducing conditions below a thin oxidized
surface layer in most coastal sediments. The
stratification provides the basis for bacterial
sulfate reduction in the deeper anoxic sediment
where sulfate is reduced to toxic sulfide. Sul-
fide results from inhibition of the electron
transport chain in aerobic respiration may be
important for the distribution and density
variations of benthic organisms. In organically
the polluted sediments are generally assumed
to be characterized by macrofauna with small
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body sizes and infauna living at or near the
sediment-water interface (WesToN 1990; MIRON
and KRISTENSEN 1993; DRAKE and Arias 1997;
Marvin—-DiPasquale and Capone 1998; Trimmer
et al. 2000).

Tidal estuary in front Yashima mount at
Takamatsu, Japan is now surrounded by
densely populated urban residential neighbor-
hoods, quay, industries and river runoff from
Tsumeta, Kasuga and Shin rivers which carry
huge amount of particle matters. And several
large sewage effluents also plus street runoff
and combined sewer overflows continuing
major impacts. It has been a progressive in-
crease of opportunistic green macroalage Ulva
sp. on the intertidal flat where is near by the
present study sampling site. In this areas
MAGNI and MonTANI (1998) found that Ulva sp.
shown recurrent seasonal patterns, growing
heavily in spring and summer and decompos-
ing in late summer to early autumn. Conse-
quently, strong increase in biomass of bivalves
Ruditapes philippinarum  and Musculista
senhousia indicated a highly production during -
spring—summer. After the decomposition of
high amounts of the macroalgae, a massive
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mortality of the bivalve R. philippinarum on
the intertidal flat and a drastic reduction of the
macrobenthic biomass on an adjacent subtidal
station were observed . In this context, the aim
of this research was to detect and follow the
changes in the macrobenthic communities. We
report on patterns of macrobenthic communi-
ties’ structure and diversity related to sediment
characteristic.

2. Materials and methods

We divided the sampling site into three
transect lines for 8 sampling stations. First
three sampling stations were set on the tidal
flat area (Stns. 1, 2 and 3), next other three
sampling stations (Stns. 4, 5, 6 and 7), on quay
area and one sampling station (Stn. 8) which
was placed in the seagrass area and beside do-
mestic communities. For transaction classify,
the study area was considered to two areas
from the shore as intertidal area (Stn. 4), and
subtidal area which component with the inner
stations (Stns. 2, 3, 5 and 6) and outer stations
(Stns. 1, 7 and 8) (Fig. 1). Sampling of the
benthic environment at a tidal estuary was
conducted every three months at 8 stations
from November 19, 1998 to February 7, 2000. At
each station, vertical profiles of temperature
and dissolved oxygen (DO) were measured at
intervals of 1 m in depth with a STDDO (Alec,
Model ADO 1050-D) and sediment samples
were obtained by two 4-cm diameter gravity
core samplers for chemical analysis. The sur-
face layer of the sediment sample up to 2 cm in
depth from each gravity core was determined
the Acid Volatile Sulfide (AVS) level of the
sediment with an AVS test column (Gastec,
Hedorotec 201H and 201L) and the total or-
ganic carbon (TOC) level of the sediment with
a CHN analyzer (Yanaco, MT-500). One sedi-
ment grab for particle size distribution study
by re—suspending sediment in pure ionex-
changed water and wet sieving through a
range of stainless steel meshes (2000, 1000, 500,
250, 125 and 63 1 m pore sizes). Each fraction
was collected, re-dried and re-weighed. Particle
size was expressed as a percentage of the total
dry weight.

Benthic samples were collected two grab
samples with 0.04m * Eckman-Birge grab sam-
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Fig. 1. Map of the study site in tidal estuary of the
Seto Inland Sea.

pler. Samples were screened through a 1.0-mm
mesh sieve to separate macrofauna animals
from sediments. After screening, organisms
were sorted under a dissecting microscope,
identified to the lowest possible taxonomic lev-
els, counted and weighed.

Several traditional wunivariate measures
(abundance, biomass, specific richness,
evenness (J') and diversity (') indices) were
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employed in the analysis of the community
structure. And using a multivariate ordination
technique, the Bray Curtis similarity index co-
efficient for double square root transformed
species abundance data. Multivariate patterns
of assemblages were visualized using metric
multidimensional scaling plots (MDS). The
identified assemblages were tested by the ABC
(abundance, biomass comparison) method to
judge the degree of environmental disturbance
(CLARKE and WARWICK, 1994).

3. Results
Spatial patterns of macrobenthos and envi-
ronmental factors

Table 1 showed the summary of the particle
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size distribution at each sampling station. The
bottom have moderately sorted fine median
particles with high percentage of silt clay at
Stns. 1, 2, 3, 5 and 6 (73, 61, 76, 81 and 76 %, re-
spectively) but there was high percentage of
sand at Stn. 4 (77%) and about 50 to 60 percent
sand at Stns. 7 and 8. Because of sampling sta-
tions were situated in shallow waters. There-
fore water column showed vertical well mixed
throughout the water depth at all sampling sta-
tions. Thus mean temperature, salinity and dis-
solved oxygen values for each seasonal
sampling at the sampling site are shown in Fig.
2. During the study period, the pattern of tem-
perature was increased from 18%0.14°C in May
1999 to 27=% 0.06°C in August 1999 and de-

Table 1. Average of particle size distribution in eight sampling stations at tidal estuary
of the Seto Inland Sea (expression in percentage)

Station
Size class *
1 2 3 4 5 6 7 8

Silt/clays 73.03 60.72 75.97 23.23 81.22 75.54 44.79 39.54
Very fine sands 15.18 10.27 8.25 26.62 13.12 11.52 13.89 42.71
Fine sands 7.74 6.37 5.62 20.59 4.82 7.51 7.03 5.09
Medium sands 3.49 1.56 3.76 22.95 0.84 3.84 13.4 3.51
Course sands 0.61 254 | 6.4 6.61 - 1.59 20.89 9.15

s Wentworth classification(Mudroch and Bourbonniere, 1991) : median sands, 500 to 250 um; 250 to 125 pm; very
fine sands, 125 to 63 um; silt/clay, < 63 um.
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Fig. 3. Seasonal fluctuation in sediment TOC level at eight sampling stations in the tidal estuary.

creased to the lowest (920.04°C) in February
2000. Salinity ranged between 30+0.07 and 33
0.02 psu while dissolved oxygen was satu-
rated or oversaturated within a range 4+0.34 to
85+0.15 mg 1",

The surface layer sediment TOC levels at all
sampling stations were shown in Fig. 3. Station
3 and 5 showed stability of sediment TOC lev-
els throughout sampling period. While sedi-
ment TOC levels at Stn. 4 was evidently
increase from 20 mg g ' in May 1999 to 40 mg
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g 'in April 1999 and decrease drastically in No-
vember 1999 (14 mg g ). The remaining sta-
tions slightly fluctuated in sediment TOC
levels.

There was a fluctuation of surface layer sedi-
ment AVS levels at sampling site also. At Stns.
2,3,4,5, and 6 sediment AVS levels ranged be-
tween 2 to 25 mg g”' in February 1999 and
slightly decreased within range 0.7 to 1.7 mg
g~ 'in May 1999 (Fig. 4). As sediment TOC lev-
els, sediment AVS levels at Stn. 4 was rapidly
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Fig. 4. Seasonal fluctuation in sediment AVS level at eight sampling stations in the tidal estuary.

increase from May to August 1999 (1 mg g ' to
4 mg g ") and decrease to 1.7 mg g ' in Novem-
ber 1999. While continued develop of sediment
AVS level to high value was occurred at Stn. 3
(1.7to 36 mg g~ "), from May to November 1999
before it decreased in February 2000. However,
sediment AVS level was continued developing
and reach to the highest value in February
2000 at Stn. 5 (0.8 to 5 mg g '). The low

sediment AVS levels were occurred at Stns. 1
and 8 (Fig.4). There was positive relationship
between sediment TOC and AVS level only
Stn. 4 (r= 0.73, data not shown). But signifi-
cant increased in sediment AVS levels with
sediment TOC levels were found in seasonal
sampling (Fig. 5).

The high number of individuals was re-
corded in February 1999 and 2000 (47,303 and
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Fig. 5. Relationship between seasonal sediment TOC and AVS levels.

55,889 ind m %) while biomass was obtained in
August and November 1999 (865 and 701 gWW
m~’, approximately 80% of which was M.
senhausia). The polychaetes, Capitella sp. 1,
Pseudopolydora kempi and Rhynchospio sp., oc-
curred dominantly with numbers in February

1999 and 2000. Changes in community structure
throughout the whole period of study are
shown in Figs. 7and 8. The total number of spe-
cies ranged over the stations from 3 to 25 (3<S
<25).Evenness (J') and diversity (H') showed
a similar pattern throughout the study period.
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tions in the tidal estuary.

The range of evenness over all sampling sta-
tions was from 0.23 to 0.9(0.23 <J" <0.9) and di-
versity was from 0.68 to 3.93 (0.68< H' < 3.93).
Seasonal fluctuation in the species diversity in-
dices reflected the recovering and subsequent
degenerating processes of the macrofauna.
During the earliest stage in the faunal recov-
ery, diversity (H') was low at Stns. 3, 4 and 5
(Fig. 8) due to the occurrence of only a few pio-
neer species and the dominant of Capitella sp. 1
in November 1999 (Stns. 3 and 5), February
1999 (Stn. 5) and February 1999 and 2000 (Stn.
4). Which accounted for 90 and 95% in Febru-
ary 1999 (Stn. 4 and 5, respectively), 95 and
999 in November 1999 (Stns. 3 and 5, respec-
tively) and 40% and 656% in February 2000
(Stns. 4 and 5, respectively) of the abundance.
As subsequent species recruited, the specific
richness increased with the dominance by sin-
gle species reduced, increases of the evenness
(J") occurred in May and August 1999 (Fig. 9).

Consequently, a change of dominant species
was occurred in May 1999 (Fig. 8). During this
changes the bivalves Theora fragilis (Stns. 3, 5
and 6) and M. senhausia (Stns. 1, 2 and 8) and
the polychaete Lumbrineris sp. (Stns. 2, 3, 6, 7
and 8) became to main composition of abun-
dance species and play up to increase of
biomass values. Capitella sp. I was decreased at
Stns. 4 and 5 in both number and biomass. In
August 1999, M. senhausia was dominated at

Stns. 1, 2, 4 and 6 (90, 80, 35 and 75 %, respec-
tively) and showed the highest biomass values
(99, 95, 90 and 95%, respectively). In this sam-
pling month, the beginning of sediment AVS
accumulation was appeared at Stns. 3 and 5.
Lumbrineris sp. (43% at Stn. 3), Cossura coasta
(759% at Stn. 5) and 7. fragilis (33 and 20 % at
Stns. 3 and 5, respectively) were dominated in
abundance, only T. fragilis (63 and 80% at Stns.
3 and 5, respectively) was played on biomass
dominator. When sediment AVS level was de-
creased in November 1999 at Stn. 4,
Heteromatus sp. and Rhynchospio sp. became
dominator (70 and 10%, respectively) and
small number of Capitella sp. I was observed.
Presented  with  Heteromaius  sp. were
Lumbrineris sp. and M. senhausia at Stns. 1, 2, 6,
7 and 8 where M. senhausia was biomass domi-
nator. While Capitella sp. I dominated at Stns. 3
and 5 more than 90% of abundance and
biomass and associated with reduced of diver-
sity (H'), evenness (J') and specific richness.
Due to sediment AVS levels kept relatively
high values at these stations. As February 1999,
Capitella sp. 1 increased in number to the high-
est values at Stn. 4 (from 10% to 40%) and
dominated at Stn. 5 (65%). When the rapidly
increased of sediment AVS level occurred at
Stn. 4 and increased to the highest value at Stn.
5. Two polychaetes, P. kempi and Rhynchospio
sp., presented in large number with Capitelia
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Fig. 7. Percent composition of abundance and biomass of five dominant macrobenthic animal spe-
cies at the eight stations. (A) on November 19, 1998, (B) on February 25, 1999, (C) on May 31,

1999.
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(D) August 19, 1999
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Fig. 7 (continued). Percent composition of abundance and biomass of 5 dominant macrobenthic ani-
mal species at the eight stations. (D) on August 19, 1999, (E) on November 30, 1999, (F) on Feb-
ruary 7, 2000.
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sp. I at Stn. 4 and small number at Stn. 3. Spe-
cific richness, diversity (H') and evenness (J*)
increased at Stns. 3 and 5 (Fig. 8). While other
two polychaetes, Heteromatus sp. and Lumbrine-
7is sp. were dominated in number and biomass
at other stations in February 2000 (Fig. 7).

Abundance-Biomass Comparison

Figure 9 shows the classification analysis for
species abundance, the dendrogram for the
samples were divided into four distinct clus-
ters, lettered A through D, which were consid-
ered to represent different communities on the
basis of their geometric means. The first clus-
ter includes 4 stations (2, 3, 6 and 7) in the
subtidal zone (quay and tidal flat transect).
The most abundance species found at these sta-
tions were two polychaetes (Lumbrinereis sp.
and Heteromatus sp.) and two bivalves (M.
senhousia and 7. fragilis). The second cluster
had 2 stations at the outer stations in subtidal
zone (Stns. 1 and 8) and characterized by the
most abundant four species as same as those in
the first two clusters but recognized the differ-
ence in density. The third and forth clusters
were Stns. b and 4 where opportunistic
polychaetes like Capitella sp. 1, P. kempi and
Rhynchospio sp. were dominated in autumn and
reached to the peak in winter (Figs. 6 and 7).
MDS model exhibited the similar patterns
described previously, with the stations—points
of the four clusters. According to criteria pro-
posed by Warwick (1986) for detecting the
severity of disturbance in the macrobenthic
community. Then the response of four major
macrobenthic assemblages to environmental
disturbance was tested by the ABC method
(Fig. 10). Species are ranked in order of domi-
nance on the abscissa (logarithmic scale), and
cumulative percentage composition is plotted
on the ordinate. The assemblage “A” showed
the undisturbed condition with the biomass
curve above the abundance curve of its length.
While contrary position of the two curves in
assemblages “C” indicates grossly state of dis-
turbance, respectively. Under moderate distur-
bance, the 2 curves will tend to be
superimposed, often crossing one another in as-
semblages “B” and “D”".

4. Discussion

The discharged loads in the watershed and
the run-off loads are the loads that actually
reach the Seto Inland Sea through rivers and
gutters (Oxkalchr and YANAGL 1997). The deter-
minants of community composition and abun-
dance were related to natural features in the
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study area and sediment characteristics.
Alteration of sediment chemistry as a result of
organic enrichment was evidently only a Stn. 4.
Because this station was placed in intertidal
area where Ulva sp., from adjacent tidal flat,
grows heavily in spring and summer and
decompose from late summer to early autumn.
Therefore sediment AVS level was highly
related to sediment TOC level. In Palude della
Rosa, Italy, the accrual phase of Ulva rigida was
followed, in summer, by a massive decline of
the algae biomass (TAGLIAPIETRA et al, 1998).
When macroalgal vegetation broke down com-
pletely, the decomposition of huge amounts of
organic matter resulting in prolongs hypoxia
and anoxia, and release of hydrogen sulfide. As
a consequence of the massive degradation of
Ulva  which occurred during summer,
macroalgae did not accumulate in Palude della
Rosa in autumn.

Although sediment TOC levels were not the
highest at Stns. 3 and 5, they still kept high
through sampling periods. When the low tem-
perature occurred in winter, the rapid develop-
ment of sediment AVS was present at these
stations. Apart from the supply of nutrients
and factors that control the bicavailability of
organic compounds, the chief abiotic factors
influencing microbial transformations are
temperature, pH, and salinity. An organic
pollutant is quickly destroyed in one environ-
ment will persist at another one if these factors
preclude or retard microbial activity. The pre-
vailing temperature is of paramount impor-
tance. When organic compound exists near the
surface of soil or water and at the same time
immediately preceding and following the
winter are typically associates with little or no
biodegradation of many organic substrates.
Changes in rate of degradation associated with
the season are a consequence of the concomi-
tant changes in temperature (ALEXANDER,
1994). KaLejTA and Hockey (1991) found the
correlation between temperature and produc-
tion suggested that a lack of extreme tempera-
tures, especially cold temperatures might
prolong reproduction of invertebrates and a
continuous supply of food for their mainte-
nance at Berg River Estuary, South Africa.

When the beginning of hydrogen sulfide

releasing was observed from August to Febru-
ary 1999, the macrobenthic communities are
dominated by Capitella sp. at Stns. 4 and 5 and
occurred at Stn 3. Associated with the appear-
ance of species recruited (as is Capitella sp.l in
my study), the specific richness and diversity
(H") decreased and evenness (J’) increased.
Decrease in diversity is a primary indicator of
community response to organic gradients or
stresses  (PEARSON and ROSENBERG, 1978).
Reduce in density of a single dominant species
occurred as the changes in macrobenthic
composition.

The density of Capitella spl decreased drasti-
cally before the beginning of the environ-
mental deterioration. The observed decline in
the Capitelia sp.I population may be caused by
a food shortage, if organic rich sediment
containing available food is indispensable for
maintaining a large population of Capiteila Sp.
I, and if this food supply has already been
consumed during high density phase of this
species. Present in large number with Capitella
sp.J were two polychaetes P. kembi and Rhyn-
chospio sp.. P. paucibranchiata is the second
species to re-populate at nutrient-rich particles
in the form of unconsumed food particles
(Yoxoyama et al., 1997). Usually peak of abun-
dance in Capitella sp. 1, P kembi and
Rhynchospio sp. occurred in February 1999 and
2000 at Stn. 4 and November 1999 at Stns. 3 and
5. The maximum density values of Capitella
sp. 1 (31,000 individuals/m?) was observed at
Stn. 4.

At other stations, there were no clear trends
in any of the density, biomass, diversity (H’)
and specific richness. Heteromatus sp., 7.
Jfragilis and Lumbrimeris sp. were dominant in
these stations, and presented throughout the
year. Lumbrineris and Heteromatus are consid-
ered as indicator of environmental instability
and immaturity such as in early succession
stage communities (CrREMA et al, 1991:
SIMBOURA et al., 1995).

The ABC technique developed the results in-
consistent with many of the other biological in-
dices. It was used successfully to identify the
areas disturbed by organic enrichment
(WARWICK, 1986; AUSTEN ef al., 1989; DELVALLS
et al., 1998). The ABC method indicated that




Macrobenthic community in tidal estuary 179

only Stn. 5 was grossly disturbed while Stn. 4
and Stns. 1 and 8 were moderately disturbed
and Stns. 2, 3, 6 and 7 were undisturbed areas.
Stn. 5 was the most organically polluted sta-
tion, as the most affected one from tidal export
from the inner part of the estuary. From the
bathymetry of location, Stn. 5 was the deepest.
Where the high accumulation of organic mat-
ter seasonally enhanced the process of anaerc-
bic decomposition dissolved oxygen concentra-
tion depletion and supports the sediment AVS
development. Indeed Stn. 4 should be grossly
disturbed area as Stn. 5 because the numerical
dominance of a single species (Capitella sp. D
clearly indicated the area to be typical of gross
enrichment. However, Stn. 4 as located in creek
where receive running freshwater and particles
from rivers. Most of big size particles precipi-
tated at this station. That made bottom sedi-
ment particle character was highly percent in
sand fraction, which was appropriated for filter
feeder as M. senhousia (the major biomass con-
tributor). Stns. 1 and 8 showed abundance
curve lies above biomass curve at the begin-
ning and change to the opposite pattern. Indi-
cated that inequality in size between the
numerical and biomass dominants is reduced
and adjusts to stable condition. In considera-
tion of Stns. 1 and 8 location, they was outer-
most station and surround with seagrass
boundary (Stn. 8) which act as sediment trap.
Therefore the contents of total organic and
AVS in the sediments are much lower. The re-
sults of limited food resource at these stations
were low macrobenthic density and biomass.
ABC curves of Stns. 2, 3, 6 and 7 clearly corre-
spond to stable unpolluted condition. These
stations were located in an intermediate zone
and better position to sustain a large biomass
of the bivalve M. senhousia, as food supply was
still abundant but not extreme. DrRakg and
Arias (1997) suggested that the ABC method
would lead to an over— or underestimation of
disturbance state of the community in short
term studies. And the ABC plots are a very
good approach for evaluating the organic en-
richment (Wgston, 1990; DELVALLS et al,
1998).

In this study, the results show seasonal
changes of macrobenthic community fluctua-

tion. They corresponded with the summary of
benthic effects for hypoxic systems around the
world by Diaz and ROSENBERG (1995). Which
the system levels responding to hypoxia of the
Seto Inland Sea were indicated as seasonal
hypoxia type, moderate hypoxia level, mortal-
ity of response of benthic communities and an-
nual benthic recovery.
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The distribution of picophytoplankton across Kuroshio

Current off the Western Pacific Coast of Japan

Naho HORIMOTO®, Yukuya YAMAGUCHI® and Takashi ISHIMARU®

Abstract : The distribution of picophytoplankton (<3 #m) across the Kuroshio Current off
the Pacific coast of Japan was studied using epifluorescence microscopy. Three groups of
picophytoplankton were delineated: Synechococcus, Prochlorococcus and eukaryotic pico-
phytoplankton. The two prokaryotic picoplankton, Synechococcus and Prochlorococcus, had a
differential pattern as their distribution. The former was dominant in the main body of the
Kuroshio Current, while the latter was dominant on the south side of the Kuroshio seaward
boundary. The factors that contributed most to their distribution patterns were suggested to
be temperature and nutrient levels within the mixed layer. Maximum concentrations of
eukaryotic picophytoplankton were found at the depths of the subsurface chlorophyll maxi-
mum. Synechococcus occurred abundantly in the surface mixed layer of Kuroshio water when
nutrients were supplied by frontal eddy pumping or autumn deepening of mixed layer.
Prochlorococcus (low-light adapted type) distribution was limited in the subsuraface depths

with higher temperature than 20°C.

1. Introduction

The discovery of the dominance of pico-sized
(0.2-2 um) oxygenic photosynthetic phyto-
plankton in oligotrophic regions led to a gen-
eral reconsideration of the structure of marine
ecosystems (e.g. Liet al.,, 1983). The picophyto-
plankton that tend to dominate these oligo-
trophic regions are generally known to be
prokaryotic genera belonging to Synechococcus
(Jounson and SIEBURTH, 1979; WATERBURY et
al., 1979) and Prochlorococcus (CHISHOLM et al.,
1988). In contrast, the eukaryotic picophyto-
plankton is much more diverse and evidently
composed of organisms that belong to several
algal divisions (e.g. SMITH and HOBSON, 1994),
including Bolidophyceae (GUILLOU et al., 1999)
and Pelagophyceae (ANDERSON ef al., 1993) in
Chromophyta, and Pedinophyceae (MOESTRUP,
1991) and Prasinophyceae (e.g. EIKREM and
THRONDSEN, 1990; CHERETIENNOT-DINET et al,
1995) in Chlorophyta.

Since the study of Furuva and MARUMO

* Department of ocean sciences
Tokyo University of Fisheries
4-5-7 Konan, Minato-ku, Tokyo 108-8477, Japan
Email address: nahori @ tokyo-u-fish.ac.jp

(1983), there have been many studies aimed at
assessing the relative abundance and species
composition of the smaller phytoplankton size
classes off Japan in the North Pacific. TAKA-
HAasHl ef al. (1985) found that picophyto-
plankton distributed anywhere from 20 to
1009% of the total chlorophyll a (Chl a)
biomass, off the Sanriku coast of Japan. ODATE
et al. (1990) compared the distribution of pico-
cyanobacteria and other picophytoplankton
along 155°E meridian by epifluotescence mi-
croscopy. Shimada et al. (1995a) found that
picophytoplankton accounted for about 25% of
the total Chl ¢ biomass in Suruga Bay and
measured Prochlorococcus adundance of 2.5 X
10" cells ml ™' by flow cytometry.

The Pacific coast of Japan is highly influ-
enced by the northward flowing Kuroshio Cur-
rent. Because the Kuroshio Current is the
border between two fairly diverse water
masses : eutrophic coastal and oligotrophic off-
shore waters, it is expected that the phyto-
plankton composition should also change
across the current. This change in the phyto-
plankton community composition should be
most notable in the picophytoplankton size
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Fig. 1. The stations sampled in the western Pacific Ocean in (a) cruise BO: October 1994, (b) cruise
OG: June 1995, and (¢) cruise PL: March 1998. A broken line corresponds to Kuroshio Paths
measured by the Hydrographic Department of the Japanese Coast Guard.

range, because of their high relative dominance
in oligotrophic regions compare to coastal re-
gions. However, there have been no studies
conducted to asscertain the biomass and com-
position of picophytoplankton across the

Kuroshio Current, systematically.

In the present study, we examined the distri-
bution of the two prokaryotic picophyto-
plankton groups, Synechococcus and Prochloro-
coccus, and also the eukaryotic picophyto-




Distribution of picophytoplankton across Kuroshio Current 183

plankton across the Kuroshio Current. Re-
cently, some evidences for niche partitioning
has been observed between the prokaryotes,
Synechococcus and Prochlorococcus (OLSON et al.,
1990; CAMPBELL et al., 1994; L1U et al., 1998), how-
ever, it is still not clear what environmental pa-
rameters separate these two groups. Here, we
discuss the relationship between the distribu-
tion of these groups and the water properties—
temperature, salinity, strength of the stratifica-
tion, and nutrients levels — throughout the
Kuroshio Current region.

2. Methods
Study area

Three cruises were carried out on the re-
search and training vessels of the Tokyo Uni-
versity of Fisheries : off the Bouso Peninsula in
October 1994 (Cruise BO) on the Sinyo-maru,
over the Izu Ridge down the south to the
Ogasawara Islands during June 1995 (Cruise
0OG) on the Seiyo-maru, and the south of Izu
Ridge down the south to Palau Island during
March 1998 (Cruise PL) on the Umitaka-maru.
Station locations for each survey line and the
position of the Kuroshio (Hydrographic De-
partment of Japan Coast Guard, 1994, 1995 and
1998) are shown in Fig. 1.

Huydrographic observation

Hydrographic data were taken by OCTOPUS
system (OCTO-Parameter Underwater Sensors;
ISHIMARU et al., 1984). In order to estimate the
water column stability in the surface layer, the
Brunt-Viisila frequency (W), in radians s,
one of the important descriptors of the oceanic
vertical structure (MILLARD et al, 1990), was
calculated from vertical profiles of temperature
and salinity:

_ g\ Ap
N= (?) Az’

where g is the acceleration due to gravity, o is
density and z is depth. Values of N larger than
0.01 s™! roughly corresponded to the position of
seasonal thermocline (see Fig. 1 in MILLARD et

al., 1990).
Water samples for the analysis of phyto-
plankton abundance and species composition
were taken with 1.7L Niskin bottles attached

on a Rosette Multi-Sampler, which were
mounted on the OCTOPUS system. Inorganic
nitrate was analyzed using a segmented flow
colorimetric auto analyzer (after STRICKLAND
and PARSONS, 1972). 200 ml of seawater from
each Niskin bottle was filtered onto a 25 mm di-
ameter glass fiber filter (Watmann Co., GF/F)
at <150 mm-Hg pressure for later chlorophylla
(Chl @) measurement. Chl a was extracted
from the filters by N. N-dimethylformamide for
one day at —20°C (Suzuk! and ISHIMARU, 1990),
and then stored at —20°C untill measurement.
Chl @ was determined using a Turner Designs
10R fluorometer following the procedures of
STRICKLAND and Parsons (1972). Relative
irradiance within the water column was calcu-
lated from an attenuation coefficient using
mean water column Chl a concentration after
RiLEY (1975).

Plankton sampling

For picophytoplankton analysis, 5—-25 ml of
water was taken from each Niskin bottles. The
sample was immediately fixed in glutaraldehy-
de, with a final concentration of 1.0 %, and
stored under cool (<4°C) and dark conditions
for at least 1 day, then filtered onto a 7 mm di-
ameter, 0.2 um membrane filter (Millipore Co,
JG type). The filter was then embedded be-
tween glass cover plates with glycerin-water
(8:2, v/v) with agar (2% w/v) for preventing
the filter from drying out. Reagent grade glyc-
erin (Wako Pure Chem. Ind. Ltd.) and non-
fluorescent, low-melting-point-temperature
agar (Sigma Chemical Co., type IV) were used
to make this agent. All of these processes were
conducted under extremely dim light in order
to avoid decay of the fluorescence of phyto-
plankton. Once fully embedded, the samples
were stored in a freezer (< —20°C) for later
counting and identification.

Enumeration of picoplankton
Picophytoplankton were enumerated using
an epifluorescence microscope (Olympus BH2-
RFCA) with an IB (interference blue excita-
tion) cube, that consisted of excitation,
dichroick, and absorbance filters: EY495,
DM505 and 0515, respectively. All cell count-
ing was completed within one month of
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collection. Because fluorescence intensity de-
pends on excitation intensity, the mercury
lamps of the microscope (Ushio-102D, 100W)
were replaced every 100 hours of use. This
method was sensitive enough to detect a 0.2
¢ m florescent bead (Polyscience, Inc, cat
#09834). All picoplankton within 140 fields
per slide, near the centerline of the filter, were
counted and identified at a magnification of
1000.

Synechococcus was identified by its vivid yel-
low to orange fluorescence, a coccid to bacillus
shape, and a size between 0.5 and 1.5 £m. We
also detected bright yellow cells, individually
about 2-3 £ m in diameter, that were found both
solitary and sometimes in aggregates of up to
20 cells, at 16 to 18°N, 135°W (Stns. PL 9 and PL
10 in cruise PL). Recently, NEVEUX et al. (1999)
observed some non-motile round cells, about 2
-3 um in size, containing unusual phyco-
erythrin (fluorescence emission peaks; 494, 564
nm), in the subtropical Pacific Ocean. These
yellow cells that we observed, and those ob-
served by NEVEUX ef al. (1999) are possibly the
same organisms as those observed previously
by IsHIZAKA et al. (1994) and CAMPBELL et al.
(1997), which were tentatively identified as
Synechocystis (PARTENSKY et al. 1999a). Prochlo-
rococcus was identified by its pale red to pale
orange fluorescence, a coccid shape with a size
of 0.6 to 1 um. Our method provided not only
high contrast, but also low background light,
thus Prochlorococcus, after the fluorescence was
optically bleached, could be detected as a white
spot shown in Fig. 2. This method was proved
to distinguish a cultured Prochlorococcus strain
GP2 from the western Pacific (Shimada et al,
1995b). Eukaryotic phytoplankton were identi-
fied by the existence of a single red or deep red,
cup-like or oval shaped chloroplast with green
protoplasm and flagella, with cell size in the
range of 1.2 to 3 yum.

3. Results
Water masses

We categorized our study area into three re-
gions: the neritic water on the landward side of
the Kuroshio front (LKF), the Kuroshio Cur-
rent body (KCB) and the water on the south

<
Prochlorococcus

=

Eukaryotic phytoplankton

lum

Fig. 2. Bleached Prochlorococcus cells recognized un-
der a epifluorescence micrograph.

side of the Kuroshio seaward boundary
(WSK). These water masses were determined
by examination of vertical structure of tem-
perature for each cruise (Figs. 3A, 4A and 5A).
A good indicator of the cross-axis center of the
Kuroshio Current body at the surface is the
cross-axis position of where the 15°C isotherm
intersects a depth of 200 m (e.g. KAWABE, 1985).
The Kuroshio is also well defined by a sharp
southward deepening of isotherms near the
northern section in all years (e.g. HANAWA and
HosHINO, 1988). Thus, the Kuroshio axis is lo-
cated between BO2 and BO3 at OG6 and be-
tween PL1 and PL2 for the three cruises,
respectively. Our determination of the location
of the Kuroshio Current axis coincides well
with the locations reported in the Bulletin of
the Kuroshio (Hydrographic Department of Ja-
pan Coast Guard, 1994, 1995 and 1998). During
cruises BO and PL, the Kuroshio Current
flowed between Miyake-jima and Hachijyo-
jima, then passed straight out to the Bouso
Peninsula. During cruise OG, the Kuroshio me-
andered around the Izu Islands and then
turned off Aoga-shima. Stations BO1 and BO2
were LKF and stations BO4 and BO5 were WSK
during the fall cruise. Stations OG1 to OGbH
were LKF, and OG7 to OG10 were WSK in the
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Fig. 3. Vertical sections of A) temperature (°C), B) salinity (PSU), C) stability based on Brunt-
Vaisala frequency (s™'), D) nitrate (£M), and E) Chla (@ gl ~") with the depth of the 196 rela-
tive light intensity level (dotted line) in the western Pacific Ocean in Cruise BO, October 1994.
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spring cruise. During cruise PL, our stations
extended southward, ranging from 12 to 32°N,
and therefore transected two other currents,
the Subtropical Countercurrent and the North
Equatorial Current.

Hydrography, Irradiance, and Nitrate and Chl a
concentrations

The distributions of temperature, salinity,
Brunt-Vaisal4d frequency(V), nitrate and Chl ¢
concentrations, and the depth of the 1% rela-
tive light intensity at cruise BO, OG, and PL are
shown in Figs. 3, 4 and 5, respectively.

Cruise BO

Surface water temperature was around 24°C
in LKF and higher than 25°C in KCB and WSK.
Deepening of the surface mixing layer had not
yvet occurred. The strong seasonal thermocline,
shown by a value of N greater than 0.02 s !, was
located between 30 and 50 m in LKF, around 80
m in KCB (a high N~0.015 s~' here), and be-
tween 70 and 100 m in WSK. We found
upwelled water with high salinity and high ni-
trate concentration at 50-m depth at BOZ2,
which was probably caused by frontal eddy
pumping such as reported for Gulf Stream me-
anders (Yoder et al,, 1981). However, the high
nitrate concentration was not reflected by a
high Chl a concentration. Nitrate was not de-
pleted at Sta. BO3 in KCB, probably by the in-
fluence of upwelling water around BO2, and
Chla was high (04 ugl™") at the surface with a
subsurface chlorophyll maximum layer (SCM)
above the strong thermocline. In WSK, nitrate
was depleted in the surface layer and the SCM
with a low Chl a concentration (<02 ug 17)
was observed just above the thermocline.

Cruise OG

Surface temperature was about 20°C in LKF,
and higher than 24°C in KCB and WSK. A
thermocline indicated by N >0.015 s~ was be-
tween 10 to 30 m in LKF, around 80 m in KCB,
and 20 to 60 m in WSK (Fig. 4C). Upwelling oc-
curred in regions shallower than 600 m (data
not shown), located at Sta. 0G4 and OG5 off the
southwest of Hachijyo-jima. Regional upwell-
ing is known to occur near the Izu Islands (e.g.
Furuvya et al, 1986). Low temperature (18°C)

and high nitrate concentrations (5 uM) were
seen at 25-m depth of OG5 with coincident high
concentrations of Chl ¢ (0.7 ug 17'). Chla
concentrations higher than 0.4 ygl™' were mea-
sured from the surface to 50 or 60 m in LKF. A
SCM with 0.2 ug 1 ' Chla was observed at 60 m
in KCB (OG#6) and deepened to 90 m toward the
south.

Cruise PL

Steep southward deepening of isotherms was
found around PLY, suggesting eastward flow.
This is identified as the Subtropical
Countercurrent (SCC), although it is shifted
southward compared to its average position
(around 25°N at 140°E; see TsucHIva, 1982).
South of SCC was the North Equatorial Cur-
rent (NEC) region characterized by low salin-
ity (Fig. 3 in Qui and Jovck, 1992). The
eastward flow around 17°N and low salinity
(<(84.5PSU) south of 16°N in 137°E transect
were also observed by Ryofu-maru cruise dur-
ing January and March in 1998 (Meteorological
Agency of Japan, 1998).

Temperature in the mixing layer was 20°C or
lower at stations north of 29°N (PL1 to PL4),
where no clear thermocline was present.
Strong thermoclines defined by N of >0.01 s
were observed below 80 m at stations south of
25°N (PL6 to PL12), where nitrate was de-
pleted in the mixing layer and a SCM was ob-
served at 100-120 m.

Picophytoplankton Distribution
Cruise BO

Synechococcus was found at high concentra-
tions (~5X10" cells ml™') at all the stations
from Cruise BO (Fig. 6A), with the maximum
concentration (C>3X10° cells m1~") within KCB
at Sta. BO3. Generally, Synechococcus concen-
trations were highest within the mixed layer in
this study. Prochlorococcus concentrations
were higher than 5X10% cells ml™' at all the sta-
tions (Fig. 6B). Toward the south, maximum
abundances occurred at deeper depths. Typi-
cally, this subsurface maximum was located
within the seasonal thermocline, as defined by
a N of >001 s, except at Sta. BO5. At Sta.
BO5, cell concentration at 150 m was more than
2.5X10" cells ml ™', although Chl ¢ was less than




Distribution of picophytoplankton across Kuroshio Current 189

LKF KCB WSK
BO 1 BO 2 } BO 3 BO 4 BO 5
' ! Latitu Ide °N) ! l
35°00 34°40 34°20 34°00

1560+ -

200

Depth (m)

50+

1004 . . . -
.
150 u
Cc
200

Fig. 6. Vertical sections of A) Synechococcus spp., B)
Prochlorococcus spp., and C) eukaryotic picophyto-
plankton (cells ml ") in the western Pacific Ocean
during Cruise BO, October 1994.

0.1 ug 17 Eukaryotic picophytoplankton con-
centration was more than 10° cells ml™' at all
stations. Their distribution was similar to the
distribution of Chl @, with a maximum (4 < 10
cells ml™") at 25 m in KCB (Fig. 6C).

Cruise OG

Synechococcus was present at all stations,
however, high concentrations (>10° cells m1™")
were only found at shallow depths in LKF and
KCB, and concentrations decreased to the
south in WSK. The highest concentration (>
2% 10° cells ml ") was found above the seasonal
thermocline in KCB (Fig. TA). Prochlorococcus
was not detected at LKF, and had only very
low concentrations in KCB. High concentra-
tions (C>2.5 %X 10* cells ml™') were found be-
tween 75 and 150 m depths in WSK (Fig. 7B)
where the water temperatures were higher
than 18°C. Eukaryotic picophytoplankton were
abundant (C>6x10° cells ml™") at around 30-m
depth at Stas. OG3 to OG5 in LKF, where
upwelling was observed (Fig. 7C). within KCB
and WSK, eukaryotic picophytoplankton con-
centration at SCM depths decreased (~2x10°
cells ml™").

Cruise PL

Synechococcus occurred at much lower con-
centration than in the previous cruise.
Synechococcus was evenly distributed within
the mixed layer, down to 100 m in KCB with
high concentrations (~10* cells ml™, Fig. 8A).
Also, high concentrations were observed at
northern stations (PL3 to PL5) in WSK at shal-
lower depths, which corresponded to shallower
mixing depth in these stations. Cell concentra-
tions decreased to the south in WSK and
Synechococcus was not detected in SCC and
NEC waters. Prochlorococcus was not found
within KCB, but within WSK, SCC and NEC
were found below the 1 % relative light level
Low concentrations (~10%cells ml™") of eu-
karyotic picophytoplankton were found at the
surface of KCB, and below the SCM in SCC and
NEC.

4. Discussion
Distribution of Synechococcus

During Cruise BO (fall) and OG (spring),
Synechococcus cell concentrations reached their
maximum level (2-3 X 10° cells ml ") within the
upper mixed layer when the water column was
stratified, with a rapid decrease in concentra-
tion below the top of the thermocline, which
was around the 1 9% relative light depth.
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Fig. 7. Vertical sections of A) Synechococcus spp.,
B) Prochiorococcus spp., and C) eukaryotic
picophytoplankton (cells ml ') in the western
Pacific Ocean during Cruise OG, June 1995.

During Cruise PL (winter), during which the
mixed layer extended down to about 100 m or
deeper, Synechococcus was still distributed
throughout the mixed layer in KCB and WSK,
although the cell number was thirty times less
from the fall and spring levels. In previous
works, ODATE et al. (1990) observed Synechoco-
ccus in the western North Pacific Ocean (36.5 to
44°N, 155°E), and noted high concentrations
(~10°cells m1™") only in the surface of the sub-
tropical water (extension of the Kuroshio
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Fig. 8. Vertical sections of A) Syrnechococcus spp.,
B) Prochlorococcus spp., and C) eukaryotic pico-
phytoplankton (cells ml™") in the western Pacific
Ocean during Cruise PL, March 1998.

Current, >>18°C). This is similar to the maxi-
mum cell abundance in oceanic water of 10°
cells ml™" as suggested by MurpHY and HAUGEN
(1985).

During our study, Synechococcus abundance
in the Kuroshio Current was always fairly high
(~10° cells m1™"). Previous studies of the near
shore coastal areas and certain bays have
shown both high and low Synechococcus
abundances at various times. HAMASAKI et al.
(1999) found low pico-cyanobacteria concen-
tration (~10° cells ml™") during winter when
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sea surface temperature was low (<21 C) in
the inner Sagami Bay, while they found up to
8% 10" cells ml™' in summer. In Suruga Bay,
SHIMADA et al. (1995a) found that Synecho-
coccus concentrations were low normally, but
increased (up to 10° cells ml™') when a branch
of the Kuroshio flow into the bay in the sum-
mer. High concentrations of Synechococcus
were also reported off the Izu Peninsula in June
(Tsun et al., 1986) when the Kuroshio Current
came very close to the coastal area, judging
from its main path at that time (Hydrographic
Department of Coast Guard, 1982). The fact
that our measurements of Synechococcus con-
centrations within KCB were similar to those
reported at particular times within these near
shore areas, supports the hypothesis that the
Kuroshio Current is responsible for supplying
Synechococcus to these regions. Therefore,
when temperatures are warmer in these areas
—an indication of influence by the Kuroshio
Current-Synechococcus concentrations are typi-
cally higher.

The factors which lead to Synechococcus
dominance are not completely related to the
higher temperatures within the Kuroshio wa-
ters, but also to nitrate levels. When nitrate
levels were low (<0.5 uM), Synechococcus con-
centration within WSK waters decreased, such
as at Stas. BO4, BO5, OG9 and OG10. At these
stations, the Synechococcus vertical distribution
was strongly influenced by the mixing condi-
tion of the water column. During cruises BO
and OG, higher Synechococcus cell concentra-
tions were observed in KCB than in WSK,
when remarkably high nitrate concentrations
were observed in KCB (around 1 ¢ M) com-
pared to previous studies around the Kuroshio
Current region (TAKAHASHI et al., 1985). There-
fore, the increase of Synechococcus cell concen-
tration within KCB in this study could be
induced by the start of stratification in spring
(spring bloom) or by deepening of mixing
depth (autumn bloom). Nutrient supply by
upwelling during the stratified season may
therefore be an important component of
Synechococcus blooms in KCB along the Izu
Ridge.

Identification of Prochlorococcus

Prochlorococcus is difficult to enumerate un-
der the epifluorescence microscopy, especially
in surface waters where the fluorescence of the
cells is weak and decays very fast (ISHIZAKA et
al, 1994). This is in direct contrast to oceanic
Synechococcus, the majority of which are
phycourobilin rich cells with bright orange
fluorescence and are easily detected (see
PARTENSKY et al., 1999a). Suzuki et al. (1995)
measured divinyl Chl ¢ (Chl a.) concentration
and estimated the Prochlorococcus cell concen-
tration. The Chla. in the layers above the 10 %
isolume depths between the Kuroshio exten-
sion and more tropical areas was 0.01 to 0.05
«g 17, which converts to around 4.5 X 10* to 1
% 10° cells m1™' (Suzuki et al,, 1995). However,
on the same cruise as this study by Suzuki et al.
(1995), IsH1zaKA et al. (1994) reported that they
could not detect Prochlorococcus cells near the
surface.

Although we took precise care with our
epifluorescence technique described in the
methods, we could not detect Prochlorococcus
from the surface waters covering the subtropi-
cal oligotrophic waters where this species has
distribution (CAMPBELL et al., 1994, Liu et al,
1997). We did find fairly high concentrations
of Prochlorococcus cells at 25 to 50-m depth in
the coastal water in Cruise BO (Fig. 6A). Be-
cause the distribution of Prochlorococcus is con-
tinuous from off shore subsurface to inshore
surface depths along the same isotherms, this
may indicate that the cells we sampled all be-
long to the same population.

Two sub-populations of Prochlorococcus —a
“dim”, high-light adapted, and a “bright”, low-
light adapted strain-have been identified in the
past using flow cytometry to measure differen-
tial red fluorescence (see PARTENSKY et al.,
1999a). The dim subpopulation tends to domi-
nate in the surface depths and the bright popu-
lation in the subsurface. The high-light
adapted form has a low divinyl Chl & (Chl b2)
/divinyl Chl @ (Chl as), and the low-light adap-
ted form has a high divinyl Chl b./Chl a.
(e.g. MOORE et al., 1998). The cultured strains
from both sub-populations keep their pigment
ratios after several years of culture (MOORE et
al., 1998), and they also fall into two phylogenic
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groups based on 165 RNA sequence analysis
(ROCAP et al., 1999).

The fact that the maximal Prochlorococcus
concentrations found in our study were at or
beneath the SCM suggests that the cells we ob-
served belong to the bright fluorescing sub-
population. We can count the bright cells by
epifluorescence microscope, while it is unlikely
that we were able to count the dim cells in this
study.

Distribution of Prochlorococcus

In our study, Prochlorococcus was detected at
relatively high concentrations beneath the
mixed layer within WSK, where the tempera-
ture was between 22 and 24°C. Its abundance
was around 10° cells ml™" at LKF near the sur-
face during fail (Cruise BO), when tempera-
tures were near 24°C. Similar concentrations
were found in the KCB beneath the mixed
layer where temperatures were around 23 to 24
°C in both the fall (Cruise BO) and spring
(Cruise OG). Prochlorococcus was not observed
when temperature in the mixing layer in KCB
was below 20 °C in the winter. Thus, tempera-
ture seems to be an important limiting factor
for the distribution of Prochlorococcus, which
can only extend to the coastal area when water
temperature is higher than 20 °C. Supporting
this hypothesis, SHIMADA et al. (1995) observed
Prochlorococcus in Suruga Bay in the summer
when a branch of the Kuroshio came within
the bay.

Jiao and Yanc (1999) examined samples
from the East China Sea during the winter for
picophytoplankton using flow cytometry.
Prochlorococcus abundances were high (maxi-
mum 5.6 X10° cells mi™') in the Kuroshio Cur-
rent, but appeared only at low concentrations
in waters that were characteristic of a mixture
of the shelf water and the Kuroshio Current,
with surface temperatures lower than 18 °C.
Furuva et al. (in press), found Chl @, only in
the water south of the Kuroshio seaward
boundary in the winter, however, with the de-
velopment of the summer stratification in East
China Sea its distribution extended to the shelf
water as indicated by Chl a. concentration.
The temperature at the boundary of its distri-
bution in winter was about 18°C, while during

the summer, temperatures on the shelf were
usually higher than 20 °C.

Combining these results, the following con-
clusions are drawn: 1) the Kuroshio Current is
the landward boundary of the distribution of
Prochlorococcus when the temperature within
the Kuroshio is higher than that in the coastal
water in the East China Sea, 2) The Kuroshio
Current transports Prochlorococcus northward
in winter while the temperature in the mixing
layer remains higher than about 20 °C, and 3)
Prochlorococcus spreads into coastal waters
when summer stratification is established
along the Japanese coast up to the Boso Penin-
sula area. Our study indicates that Prochloro-
coccus off the Japanese coast require relatively
warm water, such as the waters on the south of
the Kuroshio Current, which typically results
when there is strong stratification.

The Kuroshio Current system is known as a
western boundary current, similar to Gulf
Stream in the North Atlantic Ocean. OLSON et
al. (1990), examined the horizontal distribution
of phytoplankton across the Gulf Stream, and
found that Prochlorococcus occurred where the
water temperature was higher than 17°C at the
surface during September 1986. Thus, the
Kuroshio Current, much like the Gulf Stream,
acts as a strong barrier to the shoreward distri-
bution of Prochlorococcus. The higher tempera-
ture limit in the Kuroshio area than in the Gulf
Stream suggests the occurrence of different
Prochlorococcus ecotypes in these waters.

Differential distribution of Prochlorococcus
PARTENSKY ef al. (1999b) discussed the fac-
tors controlling the relative distribution of
Prochlorococcus versus Synechococcus. The two
main factors appear to be light and nutrient
levels. Prochlorococcus appears to be better
adapted to low light levels than Synechococcus,
while there appears to be a positive correlation
between Synechococcus and nitrogen levels, al-
though this may not always be the case in
oligotrophic regions. Qur findings within the
Kuroshio Current system support these two
general mechanisms. We found high Prochloro-
coccus concentrations at deeper depths than
Synechococcus, and we found the highest
Synechococcus concentrations in areas where
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there may have been nutrient input due to re-
cent mixing or frontal circulation. However,
Synechococcus was not always found in the re-
gions of highest nitrogen. These two factors,
acting in conjunction, lead to an apparent “a
differential distribution” of Prochlorococcus
relative to Symechococcus. As suggested by
PARTENSKY et al. (1999b), the maximum water
column integrated concentration of Prochloro-
coccus occurs in a different region from that of
Synechococcus. In our study, Prochlorococcus
has maximum integrated abundances in the
offshore side of the Kuroshio, while that of
Synechococcus was usually within the KCB or
landward within the LKF. Unfortunately, as
mentioned earlier, we probably did not detect
any high-light adapted Prochlorococcus if they
were present, thus, we can not address how
their distribution relates to Synechococcus.

Distribution of eukaryotic picophytoplankton

The concentrations of the eukaryotic
picophytoplankton were much lower than pro-
karyotic picophytoplankton, and its distribu-
tion was fairly different among the differnt
cruises. In general, however, the distribution
appears to coincide with chlorophyll distribu-
tion. High abundances were found at the sur-
face of coastal stations (PL1 and OG1) and
upwelling sations (OG3 to OG5) with high ni-
trate concentrations (1.0to 5.0 uM). Eukaryotic
picophytoplankton did not occur in nutrient
depleted surface waters but occurred in SCM
depths off Kuroshio in each cruise. Thus it
might require relatively high nutrient. Com-
paring vertical distribution among three
groups of picophytoplankton, eukaryotic
picophytoplankton had its maximum concen-
trations at depthes below the maximum of
Synechococcus and above that of Prochloro-
coccus (typically found at OG7, OG8, BO4, and
BO5). Therefore, eukaryotic picophytoplank-
ton migth have a light requirement lower than
Synechococcus and higher than Prochlorococcus
(low-light adapted type).

In the present study, we found that the
Kuroshio, a strong western boundary current,
acts as a barrier to the three types of
picophytoplankton that we examined. While

we have tried to assess the importance of
picophytoplankton — both prokaryotic and
eukaryotic-there is still a lot that remains un-
known about the distribution and ecology of
these groups. One limitation of our study was
due to the epifluorescence microscopic method
that we used, which cannot detect high-light
adapted Prochlorococcus. In the future, we are
planning to combine this method with high-
sensitivity CCD camera, such as shown in
SHIMADA et al. (1993), which will enables us to
observe high-light adapted Prochlorococcus,
and also give precise information on size and
chloroplast shape in eukaryotic picophyto-
plankton. Fine structure of picophytoplankton
using transmission electron microscopy on the
same samples collected during the above
cruises will be published elsewhere. Another
issue is that SHiMADA et al. (1995a) reported the
appearance of Prochlorococcus in winter (14 °C)
from Suruga Bay, which has much lower tem-
perature limit than the populations in this and
previous reports. So far, only one strain (strain
SB, SHIMADA el al. 1995b), a high-light and high-
temperature type of Prochlorococcus, has been
isolated from waters directly adjacent to Japan.
Therefore, the isolation of new strains and eco-
physiological studies on them are also urgently
required.
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Vertical distribution of holoplanktonic mollusks in the western North Pacific

Harumi KOBAYASI®

and Makoto TERAZAKI™

Abstract : The vertical distribution of planktonic gastropods was investigated in the subtropi-
cal area of western North Pacific and coastal waters of Japan from 1991 to 1994. Twenty three
species of thecosomatous pteropods, nine formae of thecosomatous pteropods and five taxa of
planktonic gastropods other than order Thecosomata were identified. No planktonic gastro-
pods were found below 900m. Most species of thecosomatous inhabit 100m during the nighttime
and migrate to deeper layer during the daytime. The depth where thecosomatous inhabit dur-
ing the daytime depends on species and forma. In the case of some species, they distributed in
the different depths depending on their growth stage.

Key words : Vertical disiribution, Planktonic mollusks, Pteropods.
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Fig. 1. Location of the sampling stations.

Table. 1. Data on net collections.

Research Vessel ' Tansei Maru' ' Hakuho Maru' ' Kaiyo Maru’
Cruise KT192-11 KH91-4 KY9%-1
Station No. St.A St.B st.C StD
Day or night] Night Day Night Day Day Night Day Night
Latitude| 35-00 N 35-00 N 15-50 N 15-51 N 18-00 N 18-00 N 17-00N 17-00 N
Longitude| 139-20E  139-20E | 136-S4E  136-52E | 134-00E 134-00E | 134-00E 134-00E
Year 1992 1992 1991 1991 1994 1994 1994 1994
Date; Aug.3 Aug. 3 July 2 July 2 June 12 June 12 June 13 June 13
Time (Start) 1:05 13:26 0:05 7:37 10:01 19:59 10:55 20:58
Time (Finish) 2:37 15:01 1:26 9:21 16:12 0:58 16:59 1:58
Nettype] MTD MTD MTD MTD |MOCNESS MOCNESS|MOCNESS MOCNESS
Mesh (mm) 0.33 033 0.5 0.5 0.33 0.33 0.33 0.33
Sampling method| Horizontal Horizontal | Horizontal Horizontal Oblique Oblique Oblique Oblique
dse‘g:‘]f‘(i;r‘f) 0-440 0-450 0-500 0-500 0-1000 0-1000 0-1000 0-1000
campimperofl 11 10 11 11 24 2 24 24
voluﬁigzrig 23-417 30-401 610-835  568-1601 | 180-468 144-460 109-550 125-425

“LRIHENESITON, Th OO, HEEE
L ORISR B A 5 & LT w3 (Fig. Do
172 80 cm ® MTD % & U LTERIE 0.9
m [IEE S 1.3 m @ MOCNESS 2\ 7o, &l &
DA E B, Table. 1R L1ze &% 0w b
IR BEEEAITLT, CTD (Niel Brown ) 1o & 3
WHFERE OKB S OWELIT - foo BEMICIE
Fow b ORI KET & R

koI,

R L,

HOKE S HRE

BEEREb >/ WELLEM 7S v 2 b vilkHE
BT 10 %6 thith R v~ ) vikic & D EE Uiz, Biges
KRB0 75 v o b vElE D OB B 0 & %
BEHIL, BEOBEEF /2 T70% = 5 / — Vil TR
ff Lics Van der SpogL et al (1997) 2t » THE O
LT, TNENDOEAERE (inds. (10°m*) ™) %25
WL, 12MZ 2 EOMERRL 7,
TAEDEREL 18] O L RESEIN BERE X 4) D & Bk 13 e ) {th
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Fig. 2. Vertical profile of water temperature at each
sampling station.
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FogaE LT\, AT OMEMEE, HikrEs ol
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BB HE Lo, HAB/NIEE 400m T
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4. # B
AR LS T D 12B 3B MoBEH
(Order: Thecosomata) ZHH L7z, &S wcHEEHD

A OEEEERIAEY (6 HFEED KL TL 7 — 9 %24
L7
Order : Thecosomata Blainville, 1824  #HEH
Suborder  : Euthecosomata Meisenheimer, 1905
Ak
Family : Limacinidae Gray, 1847
IVVIFETA AR

1 Limacina bulimoides (d'Orbigny, 1836)

2 Limacina inflata (4'Orbigny, 1836)

3 Limacina lesueuri (d’'Orbigny, 1836)

4 Limacina trochiformis (d’Orbigny, 1836)
Family : Cavoliniidae Fischer, 1883 5 % 41 B}
Subfamily : Clioinae van der SpogL, 1967

PR iy

5 Creseis acicula Rang, 1828

5-1 Creseis acicula forma acicula (Rang,

1828)
5-2  Creseis acicula forma clava(Rang,1828)
6 Creseis virgula (Rang, 1828)
6-1 Creseis virgula forma virgula (Rang,

1828)
6-2 Creseis virgula forma conica Eschschol-
tz, 1829
7 Styliola subula (Quoy and Gaimard,
1827)

8 Hyalocylis striata (Rang, 1828)
9 Clio pyramidata (Linnaeus, 1767)
Clio pyramidata forma lanceolata (Le-
sueur, 1813)
10 Clio cuspidata (Bosc, 1802)
Subfamily :Cuvierininae van der SpoEL, 1967
v F 0y ik
11 Cuvierina columnella (Rang,1827)
Cuvierina columnella forma wurceolaris
(Morch, 1850)
: Cavoliniinae van der Sporr, 1972
71 A A R

12 Diacria costata (Pfeffer, 1879)

13 Diacria danae van der SpogL, 1968

14 Diacria maculata (Bleeker and van der

SPOEL, 1988)

15 Cavolinia inflexa (Lesueur, 1813)
Cavolinia  inflexa forma
(d’Orbigny, 1836)

16 Cavolinia gibbosa (d’Orbigny, 1836)

Subfamily

labiata

Cavolinia  gibbosa forma
(d’Orbigny, 1836)
17 Cavolinia globulosa (Gray, 1850)
18 Diacavolinia angulosa (Gray, 1850)
19 Diacavolinia longirostris (de’Blainville,
1821)
20 Diacavolinia vanutrechti (van der SpokL,

Bleeker and Kobayasi, 1993)

gibbosa

Suborder Pseudothecosomata Meisonhcimer,
1905 gLl
Family : Peraclididae Tgscy, 1913

TIATFTL AR
21 Peraclis reticulata (d’Orbigny,1836)
22 Peraclis apicifulva Meisenheimer, 1906
Family : Cymbliidae Cantraine, 1841
YIONHYFUHATAF
23 Cymbulia spp.
Family : Desmopteridae Chun, 1889
IFavh A HAR
24 Desmopterus papilio Chun, 1889
: Gymnosomata De Blainville, 1824

R

Order

25 Gymnosomata spp.
Family : Hydromylidae Pruvot-Fol, 1942
AT NG R AN AR
26 Hydromyles globulosa (Rang, 1825)
Order : Mesogastropodarhifi i H
Superfamily: Atlantacea Philippi, 1853
SFFLoEHA LR
: Atlantidae Wiegmann and Ruthe, 1832
7FELYEFAAR

Family

27 Atlanta spp.
Benthic molluscs’ planktonic larva
JEAEVEIR R BN O PEE S AE
28 Gastropods veliger
29 Bivalves veliger

Diacria costata, Diacavolinia longirostris, Diacavoli-
nia vanutrechti ZEREMIRDLIS D - Fot28d, HEBLOEH
WOBEZIT- 12,

B D St. AlTB O TIREMIENE b - 2 Limaci-
na inflata, Limacina trochiformis, Clio pyramidata
forma lanceolatalCB LT, EE Y14 X000 L, K
E BB £ KB L TR 2R L 12,

SOOI >LT, A&~ v -84k
R B = X B L TME S %2R L 7, Diacria
maculata (AR & $hiK), Cavolinia inflexa forma
labiata (B4R & 0K, Cavolinia gibbosa forma gibbosa
kD B, Cavolinia globulosa (WHED &), Diacavoli-
nia angulosa (FRARD A),
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Fig. 4. Vertical distribution of population density (inds. (10°'m®) ~") . (A: Limacina bulimoides, B: L.

inflata, C: for each three size fraction on L. inflata, D: L. lesuewri)
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[EEH o 4]
Limacina |83, L. bulimoides, L. inflata, L. lesueuri,

L. trochiformis ® 4 TSI LU /2o L. bulimoides 1%,
Mg o PERIEIC O o BEREE600m I R L 728, £
A L7 (Fig 4-A),
B 100m 225 200 m O FHERE, w3
BE100 m LURORIEICE R T2 2 8o, BHNTE
REERE TS EEZ o b, L inflata 13, WEE
o FESHTERIBIC O 7o BB 900 m O I L A2 (Fig. 4
=B)o BMlIZ, MREED SR 400 m B L, EEA
DR 100 m T &, hgEEANO 350 m (L &iczh
ZENMBIOE — 08B » o WENEMEREH S BERE 100
m R UCHIB L Ao, B 05 mm K, R 05
mm PLE L0 mm K, #E L0mm BLE®D 3 212434
Lo A ZBIREL A T, BT E O &R E
WT SR OB 100 m Ic8h LTIl L 2228,
B DEREL M IR B S I L 0 S - 7o (Fig. 4-C),
TbhE, 05 mm KiEOFEIASEE 50m, #HBE
0.5 mm LI E 1.0 mm A& & 0 EE U 72 RSB 75
m , 6 150 m, B 1.0 mm PLEO & Sl U7z ik
DS 150 m A5 200 m it EhF i L Tl L,

728, FAVSARRE R BT & TR O BERE A
B0 EEZOND, INOSDT ENDS, ABIEK
B 83 2 BRI ER B 21TV, BRI O
BRI X DRI B EEZ ONB, L lesuewri 14,
MO St. A TREE 75m » 5 100m, 4 rEkk (St
B, StL.CHBLU St. D) TIHEE 300m LIEICHBL L 72
(Fig. 4-D)o REMIAD DI - - b DD, APEE T

BRI 300 m AT, A NC ARG A S BERE 100 m
Bl 2 2 & s, BEMEREIAZITY EEZoNn 5,
L. trochiformis &, HIBGED St. A TIEEE 500 m LA
E, ANEEO SL B TREESNT, SLCESLD TR
BERE 300 m PLERICHBL L 72 (Fig. 5-A) St BLIA®D 3
ML b, BEESEE 100m BIEO FEEEN Iz
F5EM0, BERHEBHIILBVWEEZ SN S, 3
DUCHF U o A XBIRE ST, 7 0.5 mm Kl
D% DA IEEE 75 m LI, #%E 05mm LLE 1.0
mm A O MR I ERE 500 m LI, #EE 1.0mm DLE
D £ D ke U R T ZREL 30 m LI &R 500 m 1T
HBL, R X > THEREENEN - (Fig.
5-B),

Creseis [&13, C. acicula £C. virgula SHEBIL, Zh
Z 1 forma acicula & forma clava, forma conica &
forma virgula ® 2 > 25> OFENZEEI NS - 7o, C
acicula forma acicula 3, MBED St. A TR 500
mEPGRICHEBIL, BREE S LHERERN, FiomEEic
Z L DA ER L (Fig.5-Co L LEAS, 4
PR (St.B, St.C BXUSLD) TOAEEERIE 150 m

PIEOEZFNTS D IRE ORI & 388 » 72, 1t
B Herh 3 2 PR BRI (3R 100 m <19, 7
KEBEE»S0m LK TH 7, ThEDT &Eho,
KENTRENEBEIZT5 EEZ SN 5B, C acicula
forma clava %, BEICEIEKSRETCE S, BEH
EHBEBHEIRHETHZ (Fig 5-D) WD C acicula
forma acicula 3N < OMEPBER ICEp L 2
», C. acicula forma clava IMEE I HE S, T
HRIEN OBEE 50 m 25 100 m IS B L, FEpIZs
WCE > THOOERBEE DRI - /2, C virgula forma
virgula 1%, FHFEEO St A T3 500 m BIEIC HIEL L 2k
BEREICES S ~1- b DD, £ < OMIKIZER & bRk
JEictrh L7 (Fig. 6-A), St. B TIBEISNE L -
7oo AAFEERD St.C & St. D T, FE 100 m Pl I H
BB & bMERE» S EIERNICAER L, St A
DEHIHEREICDOBED U THBT 2HR R - 12
&S, BERERHETORVESEL N B, C
virgula forma conica 1, B & HEE 50m LIkic®
< OEADHIBLL, #5F O AL 400 m (I b
B L7 (Fig. 6-B), BRE S LEEMACAERL,
SERB IOV EEL NS, A
U St.D) T, BRHICE < Ok LR E R i
L7os, THEHIRD C. virgula forma virgula o B
OHHEE ich o, BNERMI L > THOOER
BEEEISSRTE - 12,

Styliola subula %, WERED» S NEBIC W B HEE
600 m (ICHHBI L7 (Fig. 6-C)o EREZEERE 25 m v 5
500 m (CHIBL L, AEEER SRS S - 7o, AR (St
B, SL.CBXU St D) Tid, WHITHERE» S
100 m o frp U7 s, #EBGE (St A) TR
DT>t TNOEDT &5, BRI FIESE
R AR L, AR T R R I B IR e
EBEEITS EEL SN B,

Hyalocylis striata i3, HHEO St. A TREFESN
187 - 1 (Fig. 6-D)o SPEEL (St. B, St. CBX U St
D) TEFRER» SEE 350m B L, BRI EE
100 m A5 350 m 12, RENIMRAIE A 5100 m 12 th
Bl TNLDOT I SARE, BHNIE FHEE» S
PRI, KRN LIEE I BT 2 R E R AT
HEEZHNB,

Clio J&12, Clio pyramidata forma lanceolata & Clio
cuspidata 5B L 7z, C. pyramidata forma lanceolata
i3, HEED St A TEREED OB 400 m 2, SRR
(St.B, SLCHBLU St D) THEE 30m »5 600m
WWHIB L, M & - TH BB 95 - 1o (Fig. 7-
Ao MG TIE, BRHIOMESMHIZEEE 50 m A 5 150
m, WRICEHERE D S B 100 m 22 < OE A H
BIU 7z AT, BREE 50m 25 600 m & HiH
JBITi@his , WIS IZERE 50 m A5 100 m s L
THB LA &0, BRI FIREED ShigEicd &




Fig. 5. Vertical distribution of population density (inds. (10°m®) ") . ( A: Limacina trochiformis, B: for
each three size fraction on L. trochiformis, C: Creseis acicula forma acicula, D: C. acicula forma

clava)

TR PERR KB D BAEL ST A1

St. A St.B St.C St.D
10° 100 100 109102 100 100 102 10° 100 100 109102 100 100 1(?
[v] o o 0
L) 100| 100 100 100
é 200 200) =200 200
% 300 so0f =300 300
8 Day a0 Night Day 400 Night 400 100
500 500 500 500
3 3 " ew ew
A Limacina trochiformis | 700
Day [B0| Night Day [®%| Night
900 800
1000 T
S.L.<05mm 05=S.L.<1.0mm 1.0mm=S.L.
109 100 100 10% 108 100 100 108 108 100 100 108
__= 0 puisimanes B ¢
_~ 100 100]
\Ef 200 200
£
B pay ¥ Night Night pay | Night
8 400 400)
500 ==500

B Limacina trochiformis (St.A)

St A St. B St.C St.D
104 100 100 104102 100 100 102 102 1000100 mzmoowo 102
Py 1001 100 :100 —‘100-“
\E’ 200 200 200 200
'-g 300 300 : 300 300
8 Day 400 nght Day 400 Night 400 laoo
500 500 500 500
. . 800 800
C Creseis acicula 700 100
forma acicula pay [ Night Day 2| Night
800 900!
100" 000"
St A St.B St.C St.D
102 100 100 102102 100 100 1021()2 100 100 102102 100 100 102
o famm o i N el K F
2 10— 100 100 w0
RS 2001~ 200} 200 200|
% 300 X 300 . 300 300!
8 Day 400 Night Day 400 Night 4o 00
500 500’ 500 500
. R 600 800!
D Creseis acicula 700 700
forma clava pav [*| night Day |20 night
200 800
10’ Y000

203




204 La mer 39, 2001

St A St. B st.C St.D
104 100 100 104102 100 100 102 10° 100 100 108105 100 100 109

0 0 0 (2]
L3 100 100 alm 100
\E/ 200 200 _zco 200
J'C-ﬂ 300 300 300 300 =
§ Day 400 Ngtt  Day 40 Neht 400 1400
500 500 500 500
. . 800 ey
A Creseis virgula forma o o
virgula Day 0| Nett Day 0| Nert
900 - 800 ==
020 WD
St A St.B St.C St.D
107 100 100 102102 100 100 102 102 100 100 VOR1Q2 100 100 102
0 “&: 0 ﬁ 0 gﬁ" o pmues
_ 0 pi64) 1w }CD_
\g 200 200 __'m_ ZD_B
B ow 2| nox oy [ o e
8 400 =400 =400 a0
50 80 500 800
» 5 w m
B Creseis virgula o i
forma conica Day [ Nat Dy |0 Neg
D oD
St A St. B St.C St.D
102 100 100 102108 100_ 100 10° 10% 100 100 10810° 100 100 108

] 0
_~ 4] m
E ]
s m) "zn
= 20 e
o Day Nght Day Nght
[9] 400 =400
o]
500 =50

C Styliola subula

agiaﬁ—@“*l“éég%@é
g |
__g____u_mlﬂﬁ
EEEEEEEEEEEE
lg “nTm

St. A st.B St.C
102 100 100 102102 100 100 102 1% 100 100 1QR1(P
0

0 jpmhed e b
e
Nt Day Nght -

D Hyalocylis striata

=
g-—a»
8 ° .
]
?

Day

Depth (m)
CIEEIEE
CIEEEE

Day (%P Nght Day

85848888858
§888g88888

J

Fig. 6. Vertical distribution of population density (inds. (10°m*) ") . (A: Creseis virgula forma virgula,
B: C. virgula forma conica, C: Styliola subula, D: Hyalocylis striata)




Pl R IR B DT 53 A 205

L, B3 LSRE~BHT 2BENEBHEZT) &
EZ oMb, b5 OORMICHBIL Y 4 XBIBAES T
3, BREICHBEOEPT 2EEE, BESmm L
W5 0.5 mm LLE 1.0 mm R OBEK AR 50 m, kE
1LOmm Pl 5.0 mm KD X SITaE Lo A EE
50 m /5 76m, % 5.0mm PLE 10.0 mm K & BRE
10.0 mm LLED & 0 Bl U 2 ER TIZEREE 150 m TH -
7z (Fig. 7-B)o BEIZE 0K b EREHL 5 RE 50 m
CHB L, 2E 0, BRICIERERBOEAZMEEZ
FroEEIERL, By A Xl e B
EBICHE U, C cuspidata 13, HEED St. A T
B 500 m DIE, AR (St B, St.CHBLU St D)
TRPEBOFEE 300m 25 600 m i< HBL L 7z A0
BCIRBERE SRR 400 m fHEohgEIERT 5 2
o, BEBEBEBRITOEIVEEL NS (Fig
7-Co

Cuwvierina columnella 1, forma urceolaris H34}%FEE
DSt.CEBLUSLDICBWTRES N2, REMED
PrEhrotzb OO, BRIZERE 300m & 350m, I
BEEE 150 m UEOAICELTRES NI 0D,
R & EE S ORI TEBRRERE ST - TV A LEL
5N 5,

Diacria J&'3, D. costata, D. danae, D. maculata © 3
DL L7z, D. costata 12, St. B T2 fll{iAD A %K
Bl ThENWORERE L, BEOHEE 200m &

D. danae 13, WEEO St A TRRESIIE L - 12
(Fig. 7-D)o S\PEI D St. B TREBHRE D S %L 500 m
B L, 2 < OfESEMICIZERE 150 m, &I
MG SBEE 25 m i L7, SLCBIUSLD T
[EEERE 150 m LUROEBNICHIE L, BREIZMmEE >
SRR 120 m 1T, TEMNCIZERREE 50 m PIEICEE L i,
AR TICEBRICERL, THERE EEEOMT
BEMEBEEITS & &L 5N 5B, D maculata 13, B
& 550 m RIS B L 7o BRI BREE R D78 h -
72 bO®, BENGZERE 300m » 5 400 m, WHIT I3
E30m A5 100m i HBET 2 &5, hEEE
EBOMTREMERES AT > T A A LS D 5
(Fig. 8-A)s ™~V ¥ v — A 3R 30 m 2> 5 550 m 12
HEL, REOEREBLD b X0 EVERIHB L.
(Fig.8-B)o SL.CHB LU St. D TREL Ok, B
FHCIZZEEE 50 m A S 100 m fF0, KRN I3ZEE 75 m
25175 m B UTHE Lo RO I 8 K
LD HEL, EHERIFOHNBEBELITHH,, LI
WEBHZITLRVWEEZI SN D,

Cavolinia J&1%, C.inflexa, C. gibbosa, C. globulosa
D 3FEHIHBL 720 C inflexa DREMAG, FEZEO St A
TRFEaNT (Fig. 8-C), A& (St.B, St.CH &
USt.D) T, MEE S DEE IO B BEREE00 m
WCHE Uto, BEIERE 100 m P RHEE L v,

TN 3R SBRE O m b L TBId 5 2 &
o, thifg s FHERBOM TRENHBEZ1T> &%
2o be N Y e I OHBIEE L, HEBO St
A TR 50 m LIFk, SMNEBR TR S BE 400m T
B0, #EHHICE - THE - (Fig. 8-D), A THE,
BRENC B OEBE LD b X DEh - fohs, Bk E[E
FEOBWHMEBIEITS LEZ 5N b, C gibbosa & C.
globulosa i3, ZAFRD St.CBLU St. DBV THE T
DA IRE LM, 2L B3R TH - 7o C. gibbosa
DOkKIE, BRE BHER 100m HEic B L, &
M EDIL BROMBEAMICEDS D B E D IERA
BHTdH B, APHED SLCBIUSLDIZBOTNY Ve —
hHE g, BEIC REEE 15m S5 100 m @ LK I
B, WHEITEEES0m » 5 400 m & HBIENEE < L
BT &S, BRI EMERC, BRI NERE, G
PEEABET LY & RYONEFEEITOEEZS
3 (Fig. 9-A)o C. globulosa O BAK Z MR K8 H & B
450 m i HI L 7oAy, BREMEL /DR CMEBEIIE
FHTH B, N Y+ —GHHEFAFRD St B BLU St
CicB\T, BREEGEE 25 m LURICHBE L, BREEH
EBHIELEVEEZ NS (Fig. 9-B),

Diacavolinia J&'3, D. angulosa, D. longirostris, D.
vanutrechti © 3 FEMAPEEL (St B, St.C B LU St. D)
KB WTERE L /2, D. angulosa & 200 m LI, D.
longirostris DAL 50 m LU, D. vanutrechti O BIE
13 20m LR TIRE L /2, D. angulosa 1¥, St. C B XU
St. D IZ B W TEMZ < DREAAEER 100 m AL i
UCHIER U7z hs, RN EHERE D> SR 75 m < 3l
L7zl s, KBRNEZREMERHTLLELONS
(Fig. 9-C)o

Peraclis @&, P reticulata & P. apicifulva 5B L
7o P reticulata 13, R 500 m I B LA ERE
MBS - 720 £ OfRRBE L bEENICERL, B
HHMEBTHI LBV EEZ SIS (Fig 9-D)s P,
apicifulva 13, HBEE O St. A TIXEE 30m A 5 500
miZHB L (Fig 10-A), #AEEE (St. B, St.CH &
U St. D) Tid% < Ok, TEHERED O hERE
P HEEEE100m A5 400 m ISHB L c, B THRERE
WAL Z O &b, BRBEBEITOLNEER
55,

Cymbulia spp. i, APEKO St. B Cl3BEshidh -
foo %< OMRIZER 150m RURICHBIL, BRE D
FEANICHE L2 (Fig. 10-B).

Desmopterus papilio 13, FRE > S HEE 800 m I H
BL7As, £ OMKBHERED S EE 100 m g
LTHBE L. (Fig 10-C), BElmKRBIHE LV
v, RN EBERE I SHB L o, RENICBVTER
MEBEEITS EELON S,

GREHDADEE AT
Gymnosomata spp. i&, #EEEH® St. B TlHRES T




206 I.a mer 39, 2001

St. A st.B
108 100 1oo 109702 100 1oo 107 109

gm
O
@
O

e
§ :
e
g

'!

V]
fE\ 100 o ﬁrﬁm; %g
A 200 200 :203_ = L.
% 300 300 ":31)__ "':3C0
K oy o o N T -
500 el =500 [ =50
2 » :m fm
A Clio pyramidata & o
forma lanceolata o 2 Neht Day : Maft
D D

SL<0.5mm  O5SSL<10vm  10veSSL<50vm

102 100 100 102108 100 100 108 108 100 100 10°

10 Nght

200 Day

1 T‘ﬁm B0=SL<100rm mf

400 mﬂolm 102 [4OT102 100 100 1R
B Clio pyramidata ~—

forma lanceolata ©» o) e
(St.A) &

St A 5t.B St.C t.D
102 100 100 102102 100 100 107 162 100 100 1OR1Q2 ‘100 10 10

1} st g prestus [
10 10
200
Day 0
40
50

C Clio cuspidata

Depth (m)
g § 888 o

H

§§§§§

Depth (m)
88 § B g o

]

§
U@J
g88d888883

¢ [

200
300
400
500
500
700
800
S00

St A St. B St.C St.D
107 100 100 10102 100 100 102 102 100 100 © P 10 100 e
tmman bmaas |

-5--E- T

D Diacria dana
Fig. 7. Vertical distribution of population density (inds. (10°m®) ). (A: Clio pyramidata forma
lanceolata, B: for each five size fraction on C. pyramidata forma lanceolata, C: C. cuspidata,
D: Diacria dana)

Depth (m)
88888 o
888880

§§§§§§é§§§°
6§§§§§§§§§




TR BV IR DY) D BR LAY
St A St. B St.C St.D

102 100 100 102102 100 100 102102 100 100 102102 100 100 1Q?

0 0 bdead o fssnd o

— 100 100 100| “=lioo_
é 200 200 200 200
‘g 300| 00| 300 300
8 Day 400, Night Day 400 Night =400 400
500 500 500 500
. . 800) 800
A adult Diacria 700 700

maculatag pay | Niegnt Day [B%0| Night

500
oo 1000
St A St B st.C st.D

102 100 100 102102 100 ’100 102 10° 100 100 10%10° 100 100 108

==

St.C St D
102 100 100 102107 100 Jo Q0 102 10 100 100 102102 100 1

° T o e ‘“‘_‘; d 3
E 100 _loop=—= ===100| 100
S~ 200 200 200 =200
% 00| ] 300 300
8 Day 400 Night Day 4ol Night a0 oo
500 500 500 500
a ® 12 6m sa)
D veliger Cavolinia 700 700
inflexa ey ™ Nient Day 0
800 900
Ly o'

= 100) 100| %m
‘g 200 200) =200 200)
“-g 300 00| 1300, “soof
8 Day 400 Night Day . Night oo “:‘m_
500 500 500 500
3 2 3 Gm m—
B veliger Diacria 100 100
maculata va [ Night Day [0 Night
800! 800
000" 1000/
St. A St B St.C St.D
102 100 100 1027102 100 100 'I()2!02 100 100 102102 100 100 102
= 100 100 el 100 100
£ 200, 200 200 200
-"g 300 300| 300 00
8 Day 400 Night Day 400 Night Lo laoo
500 500 500 wad SO0
600 “leoo
C adult Cavolinia 700 oo
inflexa pay [ Night Day [0 Night
200 300
W’ jlaees
St A St.B

Night

Fig. 8. Vertical distribution of population density (inds. (10°’m*)~")

. (A: adult Diacria maculata,

B: veliger D. maculata, C: adult Cavolinia inflexa, D: veliger C. inflexa)

207




208 ‘La mer 39, 2001

102 100 100 102102 100 100 102 102 100 100 102102 100 100 Q2

0 o 0
e e = = =T
\E-/ 200 200! 200 200
{i 300 ao0| 300 30000
8 Day 400 Night Day 400 Night _laco ool
500 500 500 500
= a I3 m ew
A veliger Cavolinia 100 700
gibbosa Day [8%| Night Day (80| Night
900 900
a0’ a0

102 100 100 102702 100 100 10210% 100 100 108102 100 100 102

0 w ° :..u_n e I e
~ 100 100 “hoo 100
\E/ 200 200 4200 200
‘-g_ 300 00| “aco[™ 300
8 Day 100 Night Day 00 Night oo 400
500 500 500/ 500/
« w 3 ew m
B veliger Cavolinia 00 700
g[obulosa Day [8% Night Day (% Night
900 9001
100 I(ID-

102 100 100 102702 100 100 102102 100 100 102102 100 100 1%

0 0 0
’g 100 _—-_on: Mgmo;:d
S 200 1260 200
'g 300 300 300
8 Day Night Day Night 400! 400
500 500
e o I sw Bw
C adult Diacavolinia 700 oo
angu[osa Day [800| Night Day [3%0| Night
900 900,
1000 1000

.

10% 100 100 109102 100 100 102 102 100 100 1021()3 100 100 108

0 “‘“‘"”-‘i LI w— “% 0

o 100 100] .‘mlm 100

\E 2001 200 200 200

a Day o Night Day °0 e -

8 400 1400] 1400| ==1400

500 500 500 500

3 o sm sm

D Peraclis reticulata 700 700
Day (80| Night Day [8%| Night

900 1900/

1000 100

A J

Fig. 9. Vertical distribution of population density (inds. (10°'m® ~") . ( A: veliger Cavolinia gibbosa,
B: veliger C. globulosa, C: adult Diacavolinia angulosa, E: Peraclis reticulata)




PR E ) O S0 5 A 209

St A st.B St.C St.D
10° 100 1oo 109102 100 100 107 102 100 100 1G210° 10° 109

2

o O 0
— 10):"‘_- 00 wwamee] 100 fiw;
é 200 20 _—:an an
8 Day, . Nght Day 0 S N a0 =
500 = S0 500 == 500
a 2 0 m m-’
A Peraclis apicifulva o o
Day [000| Nght Day [¥0] Nght
800 800
D KD
St A B St.C St.D
108 100 100 10812 100 100 102 ‘!(Xz 100 100 102102 100 100 1¢®
0 e K m“‘""“"' =0 .-...M
’é 1w 1) !0) 1(1)5
S a0 20 20) 200
:g Ki4] 300 1300 300
@ Day a0 400 400 a0
[a]
0 S0 500 500
. 600 800
B Cymbulia spp. w© i
Day [¥0| Mgt Day || Neht
800 900
g g
St A St. B St.C St.D

104 100 100 104102 100 100 102 102 100 100 102102 100 100 102

o] 0 v] ?
’é\ 100 10 b.ﬁ\m KD_
S 20 200 ZD_ 1200
'-g 300 20 1300 SO0
8 Day a0 40 400 400 ==
500 800 500 500
spe &X) m -
C Desmopterus papilio | i
Day ("0 Night Day “[°[Tight
500 800
1 D
St A St.B St.C St

102 100 100 1()2102 100 100 102 102 100 100 102102 1

i
10
_zm
=300
Neft Day ]
0

D Gymnosomata spp.

Day

"

2
8° .o
2
]

L

T I_Jj__i

Depth (m)
_g_mﬂj
888880

Nght  Day

8§§§§§§§§§°

E8B88888EE

Fig. 10. Vertical distribution of population density (inds. (10°m*) ') . (A: Peraclis apicifulva,
B: Cymbulia spp, C: Desmopterus papilio, D: Gymnosomata spp.)




210

La mer 39, 2001

St A St. B

St.C St.
102 100 100 102102 100 100 102 102 100 100 102102 100 100 1Q2
[ TTON V|

D

0 '%oﬁ: 0
— 100 100 100 == 100
\E/ 200 20 _ZZD_ 200
B on o e o [P [ -
8 =140 a0 a0 = a0
50 500 =500 500
800
A Hydromyles globulosa | L
Day |%0| Nght Day 50| Nght
900 800
WD L
St. A St.B st.c t.D
104 100 100 104102 100 100 102 104 100 100 104108 100 100 108
o [remsmm— i s V] V]
L =.E = M
\-E’ 200 an Z:D ZX)_
8 400 =400 400 ==
500 500 500 P 5))"-_
600 800
B Atlanta spp. ™ ™
Day (%0 Night Day [(%0| Night
900 S0 from
D 1¢1]
St. A St.B st.C St.D

104 100 100 10410° 100 100 108 108 100 100 10810° 100 100 108

g8 o

g§8dg88888

° a4
Lo 100 10 100 ==
§ 200 200 200
B Day || Nemt Day || Neft 0 e
8 400 1400 400 ==
500 50 500 =
. 600
C Gastropods veliger
Day [@| Nght Day
800
L i
St.C St.D
102 100 100 102 102 100 100 10
=N o
— 100 100
£ i
'S 300 300
(&)
. {500 500
. 600 600
D Bivalves |w i
veliger [ Day @) Nght
900 800
00 W

Fig. 11. Vertical distribution of population density (inds. (10°m®) ") .

B: Atlanta spp., C: Gastropods veliger, D: Bivalves veliger)

( A: Hydromyles globulosa,




FE R R B D B E A 211

Depth(m) Category
o 1 QO ZQO 3q0 4Q0 SQO GQO
Clio cuspidata ———————— A
Peraclis apicifulva e e
Benthic gastropods veliger E " =1
Gymnosomata spp. —— 1
Cavolinia infiexa adult s . :
Styliola subula R .
C. pyramidata f. lanceolaia | o .
Hydromyles globulosa | . B
Limacina inflata e e
C. columnella {. ueceolaris ‘e N —
| W

Limacina lesueuri
Cavolinia inflexa veliger =
Hyalocylis striala
Limacina bulimoides s
Atlanta spp.
Diacria maculata veliger

L
[
S
-
Peraclis reticulata | — s
|
gy

C. gibbosa veliger |
Diacria maculata adult
Limacina trochiformis

Creseis virgula 1. conica
C. globulosa veliger

Diacria danae et
Desmopterus papilio
Cymbulia spp.
Creseis aciculaf. acicula et
Diacavolinia angulosa — ——=  Main distribution on Daytime D
Creseis virgula f. virgula ‘e _ Distribution range

Bivalves veliger jms

Creseis aciculaf. clava
Diacavolinia longirostris |
Diacavolinia vanutrechti |

T Main distribution at Night

Fig. 12. Diagram of vertical distribution of planktonic mollusks and their category of distribution
pattern.

1 fre BENCIE MR E D S B 600 m & rpERIEIC EEESEL D, REBNG L REBShER L ORT

$ THEYT 22, BRI ZERERED O BE 150m O BEHEREEITS EEAL SN S,

EricEd L7z (Fig. 10-D), Atlanta spp. &, WEBH S FEHIERBIC W B B
Hydromyles globulosa 3, W T XBREMELD 900 m B L7z (Fig. 11-B)o JRWEEEEICHIL L 7273,

1<, HERE200m A5 500 m ic i L7z (Fig. 11-A), %< DMK S EE 150m O LEENICE

AR (St B, St.C BL U St D) TlBEEE,» oh T LTHE L, BETENRE P -1

PRI\ 2 2R 600 m IS B L, BRI IR 25 EAMEEEO N Y e — g, BEED S L

m A5 600m &AVERICHEBIL, BE 100m fhE s BV AER 900 m c B L Ao (Fig. 11-C)o R

ERE 500 m FhElc E N ENE — 2 b - 1o, BRI B 100 m DU FIbEE E BEE 400 m fHLic E— o B

ZERE 100 m DUEIc P L THB L o, Biic & - TR Hotth, THOOHERIAHTS 5, EEEFREEHO




212 La mer 39, 2001

NY Ve =g, AFEEO SLCB LTS DB
TRES NI, AR S BE 400 m 1o B L 7223,
% ORI 75 m LI o FIEEIC B LA (Fig 11
-D)o

FEHREEYI 0% < 1, HWRIZEE 100 m D& o
KECHET 20, BEOHMEBRBICL RN -7,
%72 300 m PIRICHELOPR 5 n 2 thiE @ HETE D, B
I BB LR RIS R S £ T ¥ 4 [noctur-
nal migration | 275 8h& - 72 D. maculata O
S, BREREEIC K > TREOHBENRL 2L H 0,
SENTEIREEHTH - 72,

AP (St B, SL.CBXUSL D) IcHIE LG5k
BE I F20FE8R & 7 D fth oD A ECA B I B LT8R
BEAHERERUR L (Fig. 12), 8ESHIC> WTLLF
D4 DKL L e,

A RETE»ohRBICERS S, BREERTE
TR WhiEEETH 5, Clio cuspidata &
Peraclis apicifulva TH %,

B EEhohEEICART 5, B TEEERE
R, BEGhEECERL, WHEEBNE
IEHI S BB A 1T 5
REREZ, Limacinag inflata TH %,

C REDOTEEICERT 20, L4 R
TH b,

RERIL, Limacina bulimoides T& %,

D ZAEBEVBEELEBNIELINS,
RERE I, Diacria danae T& 5,

A FTY A& ENS Clio cuspidata 12, B
W e LI OPEERETH 50, AWy bokdE
JEREIC L > TRIOMABTIRESNE L b HY
UK, RFEER), AFEETRIMODEBR D - EEE S
135025 B, Bianp GiLMmer (1977) 12, A%
TRHH LB - o Limacina helicoides, Clio polita,
Clio chaptali % &R (Bathypelagic species) & L,
D E R KBS RIS 2 MENFEEE > b D &
LTRALTWAE, THSIRER 500m A5 2000 m -
HELL, Clio cuspidata DI L 72 BEE 300 m 7> 5 600
m &0 bEGIERBICHNT B,

BBLUCREEHOMENHTRIZ L, Ihdid
BEZEHT 5 E0ns, KEEESOZ K LILE
PHlic#IE LTWB EEZ SN B,

DRENHA L, BEUFEICEAE LIS VEEE
MTH %, Diacavolinia J&1Z, REMEDIDID - 12
boo, HBLA3EEBIKIDSI A TTH -7,

5 & &

AUFFLCTHIB L R H E S, A T 1127,
AR TIR20ETH - 7o, Frl, B2 HAHRHICE TN
% Diacria &, Cavolinia &% & U Diacavolinia |83,
BB THEEAERES N LD T, TNOHA AN

RhoE =N 2381, AWERE F 248 -4 2,
KRDHAT D RN B TOMBIE, HWikick 2
X OB E K& R Do TTH O BRI 3 AEE
OB TRB Y, EENC X B EEORD &SRR T,
S DICBN DKL L VSO PR &S N 54 BB
DEICE T, HRENED LicEEZ N3,

TREMAEII D% < 13, BEEED gt
LR BICHE T 2 BIENEBRE 2 IERICT->T0 3
EEZ SN D, WHEOA& BB IZHER 100m Llkic g
T, BEOERBBREICE - TRE -1, 250
sz, BRI FBIcAR LERICE LS ETTRT 2
[mocturnal migration ] %473 &, #EEF 300 m 7 5500
m ARSI S N B rhE B R & i,

B & R i g Fo b OO P R IR Ok
D, SoIAERIEOHICE T REETHES D, —
iz, BT 5 v b OB, KPR, ki,
80y, IREBRREY, KEBEOBERFc k> TR
BEEEZY, LE, MG sn R ORCZ OB
WAL, OEERE & S EEEMEBREA T 5, KR T
LTt RBE AR E I B VT, HEBOERS O
Pl &V o PSR AS, TKIR T & OIS ORI
FIRL, MU O, BEOA BB, MBS %
FE 100 m A b L7cs, AR TRE ofs s
SICME, FbhB TEEE A OB 400m O h R
HRED, KUK » TRED MR - 72, MRS
StARBUBINODEE150m 25 100m TiF, K
Tl 128 °C & 138 °C, 52 1234.475 5 3449 T & n,
RIS RIRFK OB 2 K& ZEBAKTH B,
3, AL St Clt B B 400 m A 5350 m T U3,
Kl id 11.9°Cp & 13.8°C, M4 34.33 » 5 3449 T,
PHEALAS K Td 2 (Kivra ef al, 1994), %l
PEEIRENY) D B O £E KU 2 85 O BB D 7kl S 34 iz
L, BEZKRTHENRZZOEEREIIGT
BT BEEZ SN B,

7o) YRR T Limacing @It g B 4D
BB, L. bulimoides 55 PEEE 80 m T, L.
inflate D3RR 236 m 2> S 300 m HE, L. lesueuri 753
€ 100 m {935, L. trochiformis HSEERE 165 m £15F © &
% (van der SpogL, 1997, ABIEONERIC B 5 %
NSABDO BRI O Z, L. bulimoides DSEEEE150 m FF
WL, L.inflata DSEEEE 200 m 5 400 m, L. lesueuri H3
R 200m » 5 300 m, L. trochiformis 7SHEEE 100 m
VHETH -7, L. trochiformis DS @ 3 B, K2k
NEBTEDBEEC AR L, BEOEBEONEE S
18- foe SRELLH, HrICBRIO I 4 By E BT
HWICRI B3, EiRo Limacinag BEIS, Creseis
8, Clio |8, Diacria J&, Cavolinia |&, Peracris &1
bROoN, BANERMDZEY &M iz Creseis acicula-
ta & Creseis virgura |3, ZNZF N THRENHHEL D,
[ DA RERFE LA AT AR & 75 o 72, HRREH




MR IR TN DEREL SR 213

B, BB OMERE TS B, 7 4 H A HOEA,
BT L URas il LA I T Eickh, H
WAFEAT DN D, TN MU BliEE - T
HEh, KRIKEL OGNS, HMEATESE S LM
AR E AT L THICE B &, IFdidEnT
W FEHOWTEESThb NS (LaLl and GILMER,
1989)s T & HICHERER QR OE I BLE T O HH
Frha0T, BEEEOE UMK S 2 EEDKET
B 20 L, OB T I v o b IS TEE
BEAMEWVESEEHE IR, BEHOBSEED 5 HY)
HTRTHZEELOND, &LIKENERAHSG LS
HEBEL S V- A RERTAREERAS I LICK
y, FUCENERMOAPERL, EHREIEZ®RD 5
iR B EEZLHN B,

EFERS U BRI - TREBEBPZT 5
g, BT v b DRSS TEPR- I L
Hohn3BEThs, BEAEREEICBVLTE, 1
54 3 (Monodonta) B%AZL¥H &L TEL OIEEM
2B VTR ORI S R BB R OZ(EARETNT
W3 (Tiyma-and FUROTA, 1996), R E D v 3
5L (Doliolujm) T, #EdEEMIEK (oozooid)
LA (gonozooid) & TEHENZNDEE
PSS D, —H A U THBEA LT 5 (FH)11,1995)0
% f, RO B A A ER BRI 3 7 OISR -
L, —BicELEERKEE EBIRONAHRE,
K@M v & VO Sagitta elegans (TERAZAKI, 1993,
TerAZAKI and MARUMO, 1982), # % 7 I JH-0 vk itk =
O LR SR GRS, 1974, K&, 1974 Lo
¥, BRI OKREVKMOBY S v 7 b ICBVTH
SNTVD, 4 X L IIREBMEAR L /AR
W # H Limacina inflata, Creseis virgula forma conica,
Clio pyramidata forma lanceolata, Diacria maculata,
Cavolinia inflexa (3, 5T & bEREBRBOEAL bDOH
FOBECEEICERL, DREERBAMEANTS -
fro X5 D. maculata D) Y g, BRHO
AT & © W [nocturnal migration | %
FFotre SO XD IS &I X OBKMEBENI,
Limacina retroversa i< B\ T b5 5 (WORMUTH,
1985),

Smrth and TraL (1973) 13, BRMEBEZIT I &
R & BB E A ITH R WERB RO VLT, TOE
BEEE R B BUKIE, KT &R & OBIRAE T
R, dBEEHHTOKBEOEMCH - T, RE
VEFE T 3 IR I B LS U o s, BB T
Likhotoe & HIC/KIFIBEL TR, REHEETE B0
atm Pl FEOSETHICEY, FEME TE 50atm 25
150 atm CEE OBMEW DA DBTTONI, Tho OFS
B o EBER R KRR OhEETB IS I L
&b, FERIC X B T koL F — B AR M LRGHZIER
EHASHBEELELOLNT WS, KPR THELCRE

Eog g, FEH o hEREEARRERNL L, K
DA OHE A SR L CERICBERMEREEITo T
1o FOBHICET B X VF % LEZFIRO—D &
LT, RESIBROMANRSHEEELOND,

E
AREAEZITT B HTcD, BELY Y T IVERET
BHEEE A TT & - f-thsKER T BB SR AEY)
BRI R — T B RO o L& s BROTRE
MDA, 5 N SRR BB G L St
BARLET, APEOBMERECE, RERFEF
FFEEFgE B, R AL & OVKBET TR AR B
A Eic B W TRMB O 2 1c THAIVRIZE R LTS
Bl L ET £,

Xk

Bi A. W. H. and R. W. GiLmer (1977) : A zoogeogra-
phic and taxonomic review of euthecosomatous
Pteropoda. In Oceanic Micropaleontology, vol. 1,
chap. 6. A. T. S. Ramsay (eds.), London, Aca-
demic Press, p. 733-808.

GILMER, R. W. and G. R. Harsison (1986) : Morpholo
gy and field behavior of pteropod molluscs: feed-
ing methods in the families Cavoliniidae, Limaci-
nidae and Peraclididae (Gastropoda: Thecosoma-
ta). Mar. Biol,, 91, 47-57.

EHE— (1995) : BPELRERGERS S REOBRFER
TR RIS IKEEFT, B 5L, 60pp.

IyMa, A. and T. Furota (1996) : Growth-ralated Mi-
gration of the Intertidal Snail, Monodonta labio
(Linne) (Gastropoda, Prosobranchia), on a Roc-
ky Shore of the Pacific Coast of Central Japan.
Benthos Res., 51, 1, 27-37.

o R KER SR (1992) « M HEII, Wi fsso Ak 4
295,

KIMURA, S., H. HasumoTo, M.Kosayashr and T. INAGAKI
(1994) : Hydrographic structure of the North
Equatorial current. In Prelimnary Report of the
Hakuho Maru Cruise KH-91-4. Ocean Research
Institute, Univ. of Tokyo, tokyo, p. 9-21.

Preliminary Report of The Hakuho Maru Cruise KH
-91-4. Ocean Research Institute, Univ. of Tokyo,
Tokyo, p. 9-21.

LaLLy C. M. and R. W. GiLmer (1989) . Pelagic snail.
Stanford University Press, California, 259pp.
Massy, A. L. (1932) : Mollusca: Gastropoda. Thecoso-
mata and Gymnosomata. Discovery Rep. 3, p. 267

-296.

Motopa, S. (1971) : Devices of simple plankton appa-
ratus V. Bull. Fac. Fish. Hokkaido Univ,, 22: 101~
106.

REFER (1974) : $AHEFEEBT S V7 b v BIEE
SEE 10T S Vo b v GLEB MR, ’AUKRYE
HiRR S, HR, p. 111-128

RUARBA (1974) « 3= A8, MR 10 BT 5




214 La mer 39, 2001

Y7 b v (GLERBESHD, EKEHNE, HiE p.
129-150.

VUL 7 (1995) : Bl o0 5 8, BT LS e v 3
& WD RSB AR, BRURSEA N e B 2k
R, 63, 358pp.

WAEE (1965) : Mo REERAEY. A&7 5 v o
~ VIFIE AR R, 12, 37-39.

KFR A5 (1974) : 2 O MBPEF3BIE 10 WiE T 5 v o
by CREBEZSD, SERURS RS, #HET, p. 161
172.

SILVER, M. W. and K. W. Bruranp (1981) : Differenti
al feeding and fecal pellet composition of salps
and pteropods, and the possibleorigin of the
deep-water flora and olive-green “Cells”. Mar.
Biol, 62, 263-273.

Smith JR, K. L., and J. M. TeaL(1978) : Temperature
and pressure effects on respiration of thecosoma-
tous pteropods. Deep—Sea Res., 20, 853-58.

TerazAKL, M. (1993) : Deep-sea adaptation of the
epipelagic chaetognath Sagitta elegans in the Ja-
pan Sea. Mar. Ecol. Prog. Ser., 98, 79-88.

Terazaks, M. and R. MARUMO (1982) : Feeding habi-
tats of meso— and bathypelagic chaetognatha,
Sagitta zetesios Fowler. Oceanologica Acta, 5,

461-464.

Tesch, J. J. (1946) : The thecosomatous pteropods. 1.
The Atlantic. Dana Rep., 28, 1-82.

TescH, J. J. (1948) : The thecosomatous pteropods. I
The Indo—Pacific. Dana Rep., 30, 1-45.

WERE B2, IR FHSET], PO AR (1972) @ e ERES: ke
SR > ) — X3 MDA, B, 314pp.

Van der SpokL, S, L. NewMman and K. W. EssTEp.
(1997) : Pelagic Molluscs of the World. The ETIe
World Biodiverssity Database CD-ROM seeries,
UNESCO-Publishing, Paris, Macintosh Version
1.0.

WieBe, P. H, H. Burt, S. H. Boyp and A. W. MorTON
(1976) : A multiple opening/closing net and en-
vironmental sensing system for sampling zoo-
plankton. J. Mar. Res., 34, 313~326.

WormuTH, J. H. (1985) : The role of cold-core Gulf
Stream rings in the temporal and spatial patterns
of euthecosomatos pteropods. Deep—Sea Res., 32,
773~88.

Received September 22, 2000
Accepted October 31, 2001




La mer 39 : 215, 2001
Sociste franco-japonaise d’oceanographie, Tokyo

5 39 BF 4 SRBEBSGRXES

Nittaya CHAIYANATE” * P98 7% BRFREOFNDTRESETECST AHEMBIBEOENELLEEEYRED

S P D S T I 3 A I TN B0 T, 2 O FHNC 8BS Y, 1998 4F 11 A/ 5 2000 £ 2 AT
T, A6 ElIT b - THEEBERETS & &bie, EAEWERNL, BHEORELAMBEEERL L £
. WREMIR OB 5 A — 5 — ORIFERET > 720 £ ORER, THRHA® Teora fragilis &% EMD
Kumbrineris 7585 LT\, Mo CHIOBE VR ICEVES T, BlK EYRE bEO TEHPRE, £
Fi@EL 0, ARRETH/NUEERO Capitella sp. | TH - 1o EABYOBEMB, 5, KAT -2
1 E Do KBS TE I - 7o 85EHE, 4507 5 A5 — KI5 T EBTER, CHINKFRERE MK
HeRlERL FT761-0795  FJIEARRBEZ RN

EAZRE - UDEE" - BR B EPsEUIENATEEHCEIIEI@ITI VI Y O5T

A Y] B TS ACE IR Ic B VT, CaT S v by (3 um DT OSMEEEDLEIMEE M TRE L
Fo E a5 v 2 b 13 Synechococcus (FAHTHAYE S ~#E) $ £ U Prochlorococcus (EUIGHRER) & /DHFE DHIE
W DB BEME MY TS v b TR S ATV, Synechococcus (& BRI ELIC BV THE L L,
Prochlorococeus [ EEM X 1 bR OIS L, TS0/ Y — v DEVIR, RN OKIR L REHRE
RS EEZ SN, —F, BEE TS v b v ORI, EEREILBY AE/NE oI, 7B
07 4 WBATKEERBR 22  BLO e EIBEE D Synechococcus H¥Eilifiic tHBIL 7203, RE7 =~ b Bk E
BRI B &1k » TERAEMICRBESER S Nt EEZ b i, FPEEINE D Prochlorococcus 13,
KIS 20 CLLEOBERBIZ DB LT, CHEUKERFHBIEREYR T108-8477 BUAHMMEXEN 4 -5 -
7)




La mer 39: 216, 2001
Sociéeteé franco-japonaise d'océanographie, Tokyo

L 2000%F9 H 12 B OK)  HEUKEKRFICBLTH
He (B3 MPMsNI, THEHEFEOED,
(1) HMe&sHEnE »
1. 104 1 Aty caitgEE2mILERS B, S
BEFHHSEA~ZRT B,
2. 10H1H~10H5HIchMIsn 2 BAKESS
AN 70 RIEGGEEE Y v R YUY T, HLMEES
SOMEDRENEITH S FVBRICBINT 22 & %
TKEEH TR A L 72,
3. FHOWENEKILA Japanese-French Oceano-
graphic Society &322 & & L1z,
4. ol
(2) HHEFIR
1. EMLBEYSRXERTOBRENBESN, X
BEIED AR s N,
2. HAIKEEFEAI 70 AFEAEE Yy v R Yy 4
KB 5 A EFROMEORN AT S S VE
R (B RSN, BHEOREARS W,
3. KELDFR—bR— VEMEG 2T & AEBEL
TV T EER T,
4. PER La mer 5838 &5 45 (3 10 [6] JECSS
/PAMS 7 — 2 ¥ 3 v 7HHEE) O— AT 3
BWHSLEL 1600HEd3 8 s L,

2. 20014 11 H 19 H (H)  HEUKERFICBLTH
o GEAED MBS N, EREEETROmY,
(1) sEHEm
1. 9H 24 H, W/KH TSN HARES

2RE L THREE R,

2. 10H3H, 400MH, HEFHTHEIALD
AOKBEHEARANL 70 AFELAEBE Y v £ v oic B
W, EHABAFE RO SR VOROR, FRE
A HMRIIESE DERETT - 120

3. 10 F 26 Hic H{AXMchllg s h ¥ 2 lax
P ESHE, 12 1 /T E0 v v
U LDONFIZOWTHENTO N,

4. HEPWEEL OFEOF — L=V nd i
FEICY v 7 LTEHRL W E DR S - oo

o

c =

(2) HHEHIH

I, HEROF—bX—VERETE FFE L E L
7o

2. 12H 1 HBBETEOHLANE Y v # Y v L8O
JER B EEIWIET AT & & L,

3. FER144F < 15 EEO¥ABEOENABELT
ROEDITRE L 1o

BRI

RIS 1L 26 B~ 1441 A 5 8

SERCIAAE LA 15 B (KO

NI
BHZE .
3. 20014FE 11 H19H (H)  EEUKEEKFICBOTH
SEEEERE L F 1) spMsh, BERE
RUICBXHESEEENL, #BEOHESEEE LI,

4. FASE (ERH - %448

K % PRI - A% o)
REHEEL (BB B Bk #

T333-0866 IR CIFTZ#8:4, 6906-10

5. Ha

ANE B GER), MR, R, AR,
R R

6. ZIMEH (EAID
BRELFHRA= 2 -2 19
BIETRFTIHE 30
woLF 187, 188, 189
NTT R&D 50 (9, 10)

NII News 6, 7

TP AAER 13

OKEAHONOTUA 41 (2 8 4)

Journal of the Korean Society of Oceanography 36
(3, 4)

Traraux de la Station Biologique de Roscoff 38

Ocean and Polar Research 23 (3, 4)




La mer (Bulletin de la
Société franco-japonaise
d’océanographie)
Tome 38 (2000)

Sommaire

Numéro 1

Notes originals
Short-time scale phytoplankton vari-
ability and ambient conditions highly
dynamic marine basin
............................... Wagdy LABIB 1_9
Research on providing habitable envi-
ronment for bivalves by use of artifi-
cial reefs
‘‘‘‘‘ Hirokazu Sumi and Akira Wabpa 11-25
Conférence 4 la remise du Prix de la
Société franco-japonaise d’océanography
Original achievements reading inductiv-
ity towards quantitative evaluation of
detrutus food chains in the marine
food web +errrreeeeees Humitake SEk1 27-37
Faits divers
Interannual variations of coastal sea lev-
els and annual tides spectra neighbor
Kuroshio flow (in Japanese)

~~~~~~~~~~~~~~~~~~~~~~~~ Shigehisa NAKAMURA 39-43
Abstracts of the papaers presented in
annual meeting (in Japanese) 44-49
Proces'verbaux .................................... 51””56
Numéro 2

Notes originales
Quantification of microphytobenthos in
intertidal sediments: layer dependent
variation of chlorophyll @ content de-
termined by spectrophotometric and
HPLC methods «---ooeeee Paolo MaGnI,
Nao Ase and Shigeru MONTANI 57-63
Seasonal variation in sea surface tem-
perature around Java delived from
NOAA AVHRR
~~~~~~~~~~~~ Suhendar I SACHOEMAR and
Tesuo YANAGI 65-75
Ontogenetic intervals based on the de-
velopment of swimming- and feeding-
related characters in the hexagra-
mmid, Hexagrammos agrammus, larvae
and juveniles (in Japanese)

(D

5 & (BLBIEESEE)
¥38% (20004F)
W OH &

B =
LWL IR B BT 5 > 7 b
v ORIZAS) & = O FLORH G0

.......................... ’ME*»,E(’;{? < FIHH HH
BiLB*SESESENSEE

HEEEAIREIC B 1 B I Al B O sl I Y

H

& B LM GELD oo B SO

& # -
ORI & O R <2 b
}D@Ezgﬂﬁﬁjj ....................... LPFJ”EER
Vi 12 4R LR R R R
ﬁ%(f{f' 5} ﬁ ..........................................

5 38 %3 1 HIEECCGRCOMEE -
?'%EE% ................................................

B2F
R %
FIEHERA-h DAY RO R -

Sk & HPLC B cilliE Licy v

o7 4 a ROl (330

.................... Paolo MAGNI © flq%Q ",32
NOAA HGRARBIC L B YV + 7 BREHD

TR IR O A B (330

~~~~~~ Suhendar I SacHOEMAR = I 71
Wik & BB ATEEOREEICK DV

7 9 AR O REE B

~~~~~~~~~~ A e EEH OB - FEEA
PR R 2 B EE S 5 BE 5

IEE L BBk g (SO

-9

11-25

27-37

39-43

44-49

50
51-56

57-63

65-75

77-86




--Hiroshi Kouno, Yutaka Kurita and

Tadahisa SEIkAl

Warm water structure that approaches

to Kii Peninsula, separated from the
straight zonal Kuroshio Path

..................... YOShlhlkO SEKINE and

Takayuki OxkuBo

Résumé
Pigment composition of Pedinomonas
noctilucae (Pedinophyceae), an endo-
symbiont of green Noctiluca (Dino-
phyceae) «ereeeereeeens Ken Furuya and
Thaithaworn LIRDWITAYAPRAST

Faits diVerS ..........................................
Procés-verbaux

Numéro 3

Sommaire complet, Tomes 19-37 (1981
1999)

Edition special pour la commemoration du
quarantieme anniversaire

Numéro 4

The Proceedings of the 5th Interna-
tional Marine Science Symposium on
the Physical, Biological, Chemical and
Geological Processes in the Pacific
Ocean and Asian Marginal Seas

(The tenth PAMSS/JECSS Workshop)

Preface ........................ Aklo MAEDA and
Hiroshi IcHIkKAWA
Introduction: the physical, biological,

chemical and geological processes in the
Pacific Ocean and asian marginal seas
---Hiroshi IcHikawa and Akio MAEDA
The Kuroshio east of Taiwan and in the
East China Sea in July 1997
~~~~~~~~~~~~ Yaochu Yuan, Yonggang Liu,
Huigqun Wang, Jilan Su and
Arata KANEKO
Variation of the currents east of the
Ryukyu Islands in 1998 ---Yonggang Liu
and Yaochu Yuan
Study on the free oscillations in the Yel-
TOW S@a rrrrrrerrareiannns Chengchun QIaN
Circulation patterns of the Japan Sea
~~~~~~~~~~~~~~~ Vladimie PonpmAREV and
Olga TRUSENKOVA
The SeaSonde HF radars for coastal cur-
rent mapping with recent oceano-
graphic applications
....................... Donald E BARRICK,

77-86

87-93

95-97
99
101-102

103-164

165

167-172

173-178

179-184

185-188

189-198

(2)

| O
7 =y 2 0 F v KRR T B ARt
EEIH Pedinomonas noctilucae OHE
HEk (0O - HB Bf - Thaithaworn
LIRDWITAYAPRASIT

RS - RAMREL

£ 38 B4 2 BIEERCGRX o BEE -

ot

E3E

BIIL A0 BFREES WNMBERE $£19%5
~ 28 37 & (1981-1999)

F4E

BHEE XEES LV 7 U7 BEABEOY
W, &Y EEELUHSERICET S
BEERZL VRSO LTO —F v b
X (B810E JECSS/PAMS 7—%4i 3y
7
=9 U2 >3 EXITRIRTTERTRLRTRLS BIHEAR « il 26
B KPS L0T T @00y,
e, AR Z O (BE30)
I P - BT K
19TEETAOBBREABLIUOE Y FilIch
B EE (0
----- Yaochu Yuan « Yongganng Liu »
Huiqun WaNG - Jilan Su « &% %7
1998 SE D IRERT B s D OZEB) (330
vvvvvvvvv Yonggang Kiu » Yaochu Yuan
HiOHHRE) (3230 ---Chengchun QIAN
HAMOWESR 5 — v (FEX)
~~~~~~~~~~~~~~ Vladimie PoNpMAREYV and

Olga TRUSENKOVA

INRIRORE A HBED 12D D v~ v 54
WHEEE L — ¥ — & Z OFGE ORI
(€:25°9 JEREITERSLITSLEEEY Donald E. BARRICK,
Laura A. PEDERSON and

87-93

95-97

99
101-102

103~164

165

167-172

173-178

179-184

185-188

189-198




Laura A. PEpersoN and Steven R. Ramp
Seasonal changes of circulation in North
Pacific by a MOM2 simulation
~~~~~~~~~~ Dongfeng Xu, Yaochu YUAN,
Noriya YosHiokA and
Tasushi YOSHIKAWA
Water, heart and salt transports from diag-
nostic world ocean and north Pacific cir-
culation models
~~~~~ Zexun WEL, Byung-Ho Cxor and
Guohong FaANG
Coastal impacts of offshore meso-scale ed-
dies through the Kuroshio variation
............................. Kaoru ICHIKAWA
and Atsushi KANEDA

The influence of the drag coefficient on
the simulation of storm surges
---Xiugin WanG, Chengchun Qian and
Wei WANG
Several aspects of the simulated response
of the Japan (East) Sea to synoptic at-
mospheric forcing due to siberian cold
air outbreaks
~~~~~~~~~~~~~~~ Christopher N. K. MOOERS,
HeeSook KaNG and Shuyi S. CHEN

La mer 39, 2001

199-203

205-210

211-218

219-226

227-231

233-243

(3)

Steven R. Ramp
MOM 2 #fi & F vic X 2K PEERROF
iz ®) (30

~~~~~~~~~~ Dongfeng Xu, Yaochu Yuan,

Noriya YosHioka and

Tasushi YOSHIKAWA

AER & ACACTREO UK B B T 2 2 &

F b ok ok & B EES Ok G

) ---Zexun WEL, Byung-Ho Chor and

Guohong FANG

S PER R O BRI AT AW L foinEEA 05

B (L) vrveeeenens G R A |

ORI 5 2 ERRMOLE (3

~~~~~ Xiugin WanG, Chengchun QIaN

and Wei WANG

) RGO E H LIC & B KHHIRAH

HAo AR R OIFIL > TOK
EREATENE S

~~~~~~~~~~~~~~~ Christopher N. K. MOOERS,

HeeSook KanG and Shuyi S. CHEN

199-203

205-210

211-218

219-226

227-231

233-243




La mer (Bulletin de la
Société franco-japonaise
d’océanographie)
Tome 39 (2001)

Sommaire

Numéro 1

Notes originals
Microscale processes in the ocean: why
are they so important for ecosystem
functioning ? -+ Laurent SEURONT
Size-fractionated chlorophyll @ and pri-
mary productivity in the offshore
Oyashio waters in July 1992
~~~~~~~~~~~~~~~~ Akihiko SuiomoTo and
Shinji HAsHIMOTO
Recent trends of nutrients in Tokyo Bay
(1989-1998) (in Japanese)
.................... Tsuyoshi MATSUMURA,
Naho Horimvoro and Takashi ISHIMARU
Etude bibliographique
Prof. Luigi Sanzo: a bibliographic
revesion with ichthyological note
........................... Kazumori T/\K/\GI
Faits divers ..........................................
Procés-verbaux

Numéro 2

Notes originales

Numerical modeling of density-driven

current in Tokyo Bay
.................... Ivonne M RADJAWANE,
Masaji MaTsuyama, Yuji KiTape
and Toru Suzuki
Seasonal variation of water characteris-
tics in the northern coastal area of

Java +eee Suhendar L. SACHOEMAR and
Tetsuo YANAGI
Automated identification of larval

bivalbs utilizing an image processor
(in Japanese) -+ Makoto TERAZAKI,
Masami HamacucHi, Hironori Usukl
and Hiroko IsHioka
Oceanic structure in the vicinity of
Komahashi Daini Kaizan, a seamount
in the Kyushu-Palau Ridge. Part L
Temperature and salinity fields
........................... YOShlhlkO SEKINE
Oceanic structure in the vicinity of
Komahashi Daini Kaizan, a seamount
in the Kyushu-Palau Ridge. Part IL

9-18

19-32

33-58
59
60-62

63-75

77-85

87-93

95-106

(4)

SV NETN

5 A (LA
F39% (20014F)

w H &
E15
C

HHEOMAMIES AR E > THEELE
D7 @@Z) ~~~~~ Laurent SEURONT
1992 £ 7 Ao &I o BlE/KIE 81 5
FAXDWE LI oo 4 ba &R
HRET) (330 HEAUHRL « FBAES

SR B 15 5 RAH OB (1989-1998)
"""""" FARS R« DEAZRE - L B

B
WA ey BEER B ORST &
Eis (ﬁx) ........................... %*%m@

' O#
55 390 B 1 HHBINCGR COBE e
BADEIEE e

F2E
B’ #

RSB DEELRIC BT 2 Bl (330
~~~~~~~~~~~~~~~~~ Ivonne M. RADJAWANE *

FALLMETG « dEHIRR T HR « gk %
Vv T ALEREO K D FBETE(L (30

------------- Suhendar 1. SACHOEMAR °
W

RGN & 2 5 &% Jl 0 fe TR S E O B
BRI DR A e e

IRLIEE « 8 1) - GR%E T

JUNY 5 2 G & 2 Big s i Ll o
[ii3E . P

1 KRB X UESYH (FED)

.......................................... ﬁ*ﬂ%%f}

FUN S o BERIC & B B SE i LpEl o
TR

BOE M (WD) e E3licE 2

33-58

59
60-62

63-75

77-85

87-93

95-106

107-112




Velocity fields
Faits diVerS .........................................
Procés-verbaux

Numéro 3

Notes originales
Reconstruction of the feeding activity of
marine top-predators foraging at sea
..................... Yan Ropert-COUDERT,
Akiko KaTo and yasuhiko NaITO
Allozyme determination of genetic di-
versity in Japanese and Thai popula-
tions of Oval Squid (Sepioteuthis
lessoniana Lesson, 1830)
~~~~~~~~~~~~~~~ Boonyarath PRATOOMCHAT,
Yutaka NaTsukari, Ikuko Mikr and
Kashane CHALERMWAT
Seasonal variations of the oceanic condi-
tion along the southern coastal area of
Java to Sumbawa, Indoneshia
~~~~~~~~~~~~ Suhendar [ SAcCHOEMAR and
Tetsuo YANAGI
Conférence & la remise du Prix de la
Société franco-japonaise d’océanogra-
phie
Ecological studies on carnivorous plank-
ton, Chaetognatha (in Japanese)
.......................... MakOtO TERAZAKI
Faits diVerS ..........................................
Proces-verbaux

Numéro 4

Notes originales
Response of macrobenthic community
to seasonal sediment environmental
parameter changes in a tidal estuary
of the Seto Inland Sea, Japan
~~~~~~~~~~~~~~~~ Nittaya CHAIYANATE and
Shigeru MONTANI
The distribution of picophytoplankton
across Kuroshio Current off the West-
ern Pacific Coast of Japan
--*Naho HorivoTo, Yukuya Y AMAGUCHI
and Takashi ISHIMARU
Vertical distribution of holoplanktonic
mollusks in the western North Pacific
(in Japanese)
~~~~~~~~~~~~~~~ Harumi KoBayasur and
Makoto TERAZAKI
Faits divers .........................................
Proces-verbaux
Sommaire du Tome 38
Sommaire du Tome 39

La mer 39, 2001

107-112
113
114-119

121-132

133-139

141-154

1556-160
161
162-166

167-180

181-195

197-214
215
216
(1-(3)
(4)-(5)

(5)

4

g

EERCH £ DEREETTE) O B (350
~~~~~ Yan Ropert-CouperT « NIEHH T «
ANBRIEE
AAEBL S 1ET YA 7 OBENE
Btk 7 o v 14 2501 (3830
Boonyarath PRATOOMCHAT *
HA % EAHT -
Kashane CHALERMWAT
AV FRYT, VT —RVNTHERV
KB U OEHAEE (G0
‘‘‘‘‘‘ Suhendar I SACHOEMAR * i
BINBFPLEZELSHEE
WE7S V7~ v EHEY DA
.......................................... e
E H
85 39 &5 3 SHREWCGR X OIICEE -

-8

LA

Bl

EEHIDTSE
W

e

=
TS PR OO T LI R I s 1 B HERE
VIBE B O B L & KA OIS
€3°9)

=

~~~~~~~~~~~ Nittaya CHAIYANATE *
R
A REY) B PR Ic B0 B E D
Y75 v by ONt G0
~~~~~~~~~~~~ YRAZRE - INCES - AL B
PEIRIL SRR B 1 2 BRI R R B4 O 80
T RRRRRTRTRIPRRRRIY: AN N E TR
55 39 A3 4 FABEWCGR X ONICEE
?%535 ................................................
B 3B EMER
39 BHREXR

E}%

114~

121~

133-

141~

155—

162-

167-

181~

197~

(D-
(-

113
119

132

139

154

160

161
166

180

195

214

215
216
&)
6y




T v oy 7

Pttt
ST A
ettt i
P
GRS N

pAatt = ¥ #®

A
(==

Iy =7

=i

R S S i o

Bkt 1 -

e 3O

RIEES L

i 7% 1 490 B B8 5% R
i

T & T 2
R BT gl
MH &

at

i
)7 R e
"
R & o

S

/N\ =]
!

R HPADCHIRGHRET 7 — 2 — 3

fF i X 2w
MHXTEAAR 4 —20— 6
SCRIXKIE 3 —34— 3

3—2

-9

TARERAME L —18—12 JEev

RHEDCRFRAHT 2 31— 8
BHRXESERES —14-10
HHEAXE/N S ~14—5
BERDCEIER 1 —~ 2 — 8
BHRXEF6 -7 —22
TR 3 —41— 8
THRERKFHET 2 —

KRHEYZAFBF




BHENEREATICHBTDEETHDEL

FRAT ) L EREUE T ——

1555 BICITEE/

La mer la mere, ’'amour pour la mer!

IA

Y40,

SHi S FH 5 3 %k 3=

F288 FESHFH=§H2-1 TEL 0479(22)7555 FAX 0479(22)3538

E A
OEXREY —REZVONRSERLE
OsEeE. 8B 805 R
OETFAKE BXKABHBRELEE
OFKEBEBATVAATHE
OBsELER

O Dfth ERCABET S5 —DDEH

2\ ZFEH MBI E

PN 7 7312 BIRE O EEAEHOTMEYST2-4 ®029-285-0786 FAX285-7519
%fiﬁ 7088 FEBSFIHEERBI6-4490-1 ®0479-22-4733 FAX22-4T746
KP%4 7310 X W B K P R 2-2-6 ®029-226-9639 FAX226-9855




(Chelsea #ix, Bt CTDEJr)

Chelsea Instruments DEPA A —h—TF

Aquashuttle /Aquapack
Bgs - 7oF7 v b
=REME 8-20/vF
F—2— R —=TINTYTILG A LBEA
CTDaH— TP IoTFIINvy7
EEE 1~5mS/cm(0.01mS/cm)
B B —2~32°C(0.005°C)
S E 0~200m
HHHE 0.0lug~10048/0
AEI)— 50,0007 —% (1Z#)

CHELSEA HARRE
(] INSTRUMENTS RRRE . e o N
LIMITED F— ICZT7THRSH
nzsy Blospherical T K0 A HX % 546 5-14-
((@3)) Instruments TEL 03- 5(820 -8 11471(())

N7 Inc. FAX 03-5820-8172




(ELH - 2R
L)AL € A

E %
o — ® A

BT
Bk MM

% 3
% & T

& @
BALARE
LA B xesE
LHEORD K FELTEHIOESH ) Bk ZRE:
(T LW RA)
e 2% o bTE EIN

i B n— ¥ :

AZHAEEMSE  T150-0013 R a XE LT 3-9-25
(Bt) BILZEA

H L M # % =

E{EIREES : 00150—7-96503







b

A OE B
=
5

4 m o Jm

&
I

B R

B =

BILEFZSEERES (2000-20014F )

SLOMER

CBEALEE, HibHE EESHE, 5iE B PI% X U O EEE—

: H.J.CeccaLpt (75 v R), E.D.GoLpeerG (7 # Y #), T.R.Parsons (4 %)
RS, EERAR

BILEFFREE - A (2000-20014E)

TaAR— Ve TO Y Vel enRN— FLIVZAe FSYF—=N I Vzlle = a

OR—= e F VL=V PVpwyd e Rd— LF Ve T s UFRANYa2 2—=FaR5 Y e X)U2J
AR=ewHNTF 4 FTVET s TUH—I EFx—eh TS5y

BTz X4 )

: JERRRLE

BERZER ABERR
(BB BE OB Fk B

(&FD) /it B ISR
(5 KBkt SHRER
BH90) ETEX EEFH
@B Bh B NEZ
FHIE NEFEHR

mEZRE IIOER

@A

BAZR  AREX HEHE  SBER BAL B OBE £ sE#Ex
BEMAM  REFE RERCE SSRE REExE  EH-RE /NbEX
N BB NHERZ O EHEEE— RO ARkERE EEsEE M R
BRRE TFER ¥ BN  BBEE BHER=  RBERX HAPEXR
&0 0B FE B RTBRY  HXE THEZR REFE kB &
FEET  EHEMEE ETEAX JIHEER AE B RE B mLER
MEER &k & s X /REE LDk W B LBEEE
HHERE  EEE— FHE G2EZERHEFRESL)

2001 & 11 B 25 HENRY > ¥ 39 %
2001 & 11 A 28 BRF E e %45
T M ¥ 1,600
= = i I fif x
1T P H L B & % £

MEEA BILEER
RAEREXE LT 3-9-25

B O % 5:150-0013

B OEE03 (G420 7641

& & & 5 : 00150-7-96503
BN Rl & = B - =
BN Rl B (B) 3% F0 Hi AR ED R 3t
RSO X T BAAR 4-20-6

B E F 51130022

B 3503 (5685) 0621

FHE BT 2RV AabhY BEEE 03(5463)0462




Notes originales
Response of macrobenthic community to seasonal sediment environmental
parameter changes in a tidal estuary of the Seto Inland Sea, Japan

.................................................................. Nlttasra CHAIYANATE and Shlgel‘u MONTANI 167

The distribution of picophytoplankton across Kuroshio Current off the
Western Pacific Coast of Japan

--------------------------------------------- Naho Horimoto, Yukuya YamacucHr and Takashi IsmiMaru 181

Vertical distribution of holoplanktonic mollusks in the western North

Pacific (in Japanese) «-eserrererreveriri Harumi KopavasHl and Makoto TErazakr 197
Faits divers ........................................................................................................................ 215
Procés-verbaux ............................................................................................................... 216
SOTRIMAITE QU TOIME J8 v ettt et et a et (1)
Sommaire du Tome 39 ................................................................................................... (4)
B #F

HEAEOE OTBEE THic B8 2 BYRECEHE L
LEEEBEEDINE (D) crrerorreorrerireniis st Nittaya CHAIVANATE * P98 7 167

BEEET s ERAREERCBY A @ TS v o b v

@ﬁ?“ﬁ (%j() .................................................................. ;bﬁzl(/z]igﬁ ° LUD%E% e E}{'L i}é 181
PEARALATERIC 5 1 B A KB D BB AT eeeeeeeerreeeeeemomnneenes NS - Sl B 107
5500 BE 4 BRI ST DOFITTEES ~rverorrererrsetenirte et aeit e ettt e ettt bt ettt 215

BAAERE 1111111 216
YL T O )
o Y SO (4)

200111 B

HiL#EEER




